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F OREWORD

Contraf.-t Numnber DOT-CG-82504-A between the U. S. Coast Guard and The

Travelers Researoh Center, Inc. (TRC) consis-s of five parallel activities, The five

A Ajl repore smmng from these activities are entitled:

(1) Applicability of National Data Buoy Systems to Refined National Re-

quirexets for Marine Meteorological and Oceanographic Data

(2) Characteristics of National Data Buoy S- -ems: Their Impact on

Data Use and Measurement of Natural Pheomena

(3) Cost Effectiveness Sensitivity of National Data Buoy Systems: An

Essay

(4) Computer Programs for National. Data Buoy ystems qimulation and

Cost Models

(5) An Analysis of Cruise Strategies and Costs for Deployment of National

lista Buo"' lystezs

Each of these five reports is complete in itself, but it must be recognized that

in all instances Vie other four activities both influenced and contributed to the results

pre, e;r'ed in each ndivtual report.

The present USCGTRC contract is an outgrowth of a study of the feasibility of

Naonal Data Buoy Systems performed by TRC and Alpine Geophysical Associates for

the USCG during 1967, Need was evident for investigation, research, and analysis

in greater depth in several areas to support the concept formulation and deployment

planning efforts of the nowly-formed U. S. Coast Guard National Data Buoy System

Designatod Project Office (NDBS DPO). This report and the other four Ated above

satlnfy somne oi those needs.

All five TRC repoy.U have benefited from the close coopenLtion and guidance

af " rded by the USCG NDWS DPO. Contributions have been made by Capt. J. Hodgma=2

(Project Manager), Cmrdrg. V. Rinehart, J. Wesior, . Parker, and P. Morrill, end

Lt. Cmdr. W. Merlin (Contrsfl* Monitor).
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SUMMARY

A National Data Buoy System (NDBS) is being planned by the U. S. Coast Guard

to be a part of a future national marine data acquisition systni. NDBS planning . Id

development must be cognizant of the fact ihat the national marine data acquisition

system doubLtless will include a mix of observation platforms to meet the many user

data requirements. Tue characteristics of non-buoy systems inciuded in a future

marine data acquisition system will probably be to provide a planned overlap in data

acquisition capabilities. NDBS design should maximize the non-redundant NDBS data

acquisition capability with regard to the total capability required for the national

marine data acquisition system. The cost effectiveness analysis described in this

report was carried out to assess the potential role of the NDBS in the marine data

acquisition system of the future and to determine the sensitivity of the NDBS design to

compiementary and competitive characteristics of other platform t.-,pes in the national

marine data acquisition system.

For this study a cost effectiveness model was designed to evaluate alternative

mixes of buoy and non-buoy platforms against certain categories of stated data require-

ments provided by U. S. Government Agenciez. The data requirements were catego-

rized by type (researci or operational), by geographical regions (Deep Ocean areas,

Coastal North American regions, and Great Lales and U. S. vstuarine region6), and by

ve'tical layers in the ocean and atmosphere. The analysis was performed using Deer

Ocean operational and Coastal North America operation-- data requirements a- ie

basis for evaluation of alternative system mixes of platform types. Parameters re-

quired by the users surveyed in the 1968 refinement of data requirements (carried out

in parallel with this study ,nder the TRC contract with the U. S. Coast Guard) were

selected by thL USCG NDBS Designated Project Officer (DPO) for incl-qion in the ,ost-

effectiveness evaluation.

Factors included in the effectiveness model include system capability, reliability,

survivability, and areal coverage as a function of number of observation platform units

employed. Capability is determined as the fraction of the user requirements that can

be met at a given location using ,i given platform type. Reliability 1% defined as the

probability of performance of an Intended function for a specified time under specified

environmental conditions. Survivability is defined as the probability that a platform
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type wiil continue to exist in maintainable or repairable form for a specified time

period under specified enviionmental condi+ions. In this study all platform types were

assumed to have a survivability of 1.0 . A,"eal coy rage relates tbe number of platform

units employed to the ability to acquire, data over Ui entire geograph. .al area of inter-

est with the temporal intensity (cycling time) and spatial intensity (number of observa-

tion locations) required. Effectiveness is given by the product of these four terms.

Cost information was gathered for initial investment required and yearly opera-

ting costs including replacements and support activities for each of the platform types

considered.

The eight platforms considered for the future national marine data acquisition

system were:

* Aircraft of opportunity * Oceanographic vessels

* Buoys * Reconnaissance airc raiL

* Horizontal sounding balloons . Satellites

* Manned buoys * Ships of opportunity

A limited number of data collection system configurations comprising alternative

LnixeF of platforms were eva'"-ted using the Deep Ocean and Coastal North America

operational requirements. These regional requirements were stratified fuio six

layers in the vertical to permit evaluation of the mixes In each of the layers, as well

as an overall evaluation.

The evaluation showed that a system comprised sol ly of unmanned buoys was the

most cost-effective system for meeting either set ot requirements, as indicated in

Figs. 3-1 and 3-11. Huwever, the unmanned buoy system was -elatively ineffective in

meeting the data requirements for the atmosphere above the ocean surface interface

layer because buoys were assumed to have no upper air sounding capability. * Systems

of buoys mixed alternatively with satellites, horizontal sounding balloons, shipe of

opportunity and manned buoys were evaluated to examine the cost effectiveness of

these pairings of systems; under these onditions, the performance in meeting both

*Development of an automated buoy-launched upper air sounding capability may be

technologically feasible within five years. However, to take a oo. iervative position with
respect to buoys in this study, it was assumed that ,aoys would have no such capability.

v1



atmospheric and oceanographic data requirements was found to be high. oeveral

alternative assumptions that influencc thu effectiveness of the non-buoy systems

(e. g., changing the areal coverage term) were considered in order to determine the

boundaries of resultant cost and effectiveness system mixes. Some of the conclusions

reached from the analysis were:

(1) A system comprised sole],, of unmanned buoys is potentially capable

of providing a high percentage of the stated marine atmospheric and oceano-

graphic data requirements of seveal major government agencies in both the

Deep Ocean and Coastal North A.merica regions.

(2) The cost of providing the marine data 4s relatively low for a system

of unmanned buoys when compared with any system comprising other platform

types. Buoys are the most cost-effective platform types when all parameters

and all layers are jointly considered using the absumptions outhned in this

report.

(3) An unmanned buoy system is ineflective ii providing data for the

atmosphere above the atmosphe're-ocean interface layer, unless upper air

sounding capabilities are provided. fhese Aere not considered in this report,

(4) Several other platform tlypes can be used with unmanned buoys as

complementary systems to provide observational data for the atmosphere

,with essentially no redundancy occurL.ag between the buoy system and the

non-buoy system employed.

(5) Any non-buoy platform that provides a capability for measuring

atmospheric parameters above the ocean-atmosphere interface, when combined

with buoys, %41! improve the . .,rall system effectiveness, but those -buoy

piatformn investigated %)ypar to be rolatively exNernsive and will, therefore,

caus, an increase in the combined s :ste.n cost effectiveness ratio.

(6) rhe dIesign of a buoy system as a part of i national marine data

acquisition system 1i sensitive only to a relatively miner degree to the existence

of other platform tym)T-s.

vi



frThe summary recomm endation made as a result of this study is that planning_
fra National Data Buoy System should be carried forward considering the NDBS to

be a major component of any fluture national marine data acquisiticn system,

IL
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1. I N'lI 1) V I N

1, 1 Backgro )u nd

A National iData BuoY Sy.stem (NI)BS) is being A.anned and developed bY the S

Coast Guard to be a part of a total niational marint, data ncquisition s,% stenm eompriFw

several t~vpes of observing platftorms. [The role of the ND1BS in the national marline

data1 aCqUlsition s' slem needs to be defined so that the NDBS is designed to most. (,I'-

fectivekl supplement the other observing svstemns to -satisfy as manN of the data re-

quiremients as possible for a minimum of cost.

The fea~ibiiitv stud'. carried out by THC in t 967 included a cost elfcctiveness

evaluation of buoY and non-buoy sy'stems to meet marine data reqUirementn. [I1, 2,

:3, 4, 3, 6). Tie 1967 anal vsis was primarilyv aimed at a comparative evaluation of

Alte r native buoy types. The marine d.,ta rvquirenients considered were only those

that could I- met witliin the 5-year state -of-the -art for data l)oOV systems. T[he buoy

vt.rsus non,- bu-v evaluation was a cursory comparison based upon1 Lhe same data re-

quirements, The 1967 evaluation studY was carried out in the manner requested byN the

t'. S. , )ast ( ,ird and was considered adequate for ertablishing the technical and cc-

onomic fcasibili, * of the NDIBS. It is not adequate !or !hv planning and design work

leading to imiplemrentation of the Nl)B8.

TIhe C.Ncan t.nginevrirng Fii:' I ot the Natici. I Council for Mai ine Resourcees and

E-nginee ring D'eelopment was brieted at the conclusiont of the 1 967 feasibil itY studyN

and suggested that the Coast Gu~ard should consider all types of marine data require-

ments and determine the sensitivity of the NIS dcsi~rr to the existen,- of other t~pv,-.

of ob~sei ving 3.Nstems, that might comprise a national mar ine (data acquisition 4,%stem

of the future. It was recognized that there will be several txNpes of platforms used andl

that some of these will have capabilities that overlap those of uinm-anned buovs. it was

recog nized that the NNIPS Should no-- be designed to provide redundant observat ions

whure another type Mi .,stem could provide these data more cconomically or in a m-ore

effective mianner at equivalont co-lt. 'The sugge-stiov hy the Ocean Engineering Panel

and Coat ird recognition of the need our a firm cost efft iveness foundation for

unerakn iita sep PnBS)3 design led to the inciusion in the present THC StUdN

of' a task aimed at the dete rm inati-'n of the sensitivitN of the NDIS to the pre sence of

,alternative p atforms in the niarir- data acquLisutionl sv steml.



The potential impact of this s(,. 'ivity study on the N -i{ d.',".e:opment planning

is obvious, because an unmanned buoy systeir, cannot measure all ot the parameters

req',ired by the many users r, marine data. Other types c observing systems will have

to be empioyd in any fuLI:r'e conceiva., I marine data acquisition system The param-

eters that are best measured by unmanned buoys, and Lhe number of unmanned buoys

;n the total system, are greatly influenced by the mix of platform types in the total

system and their capabilitie.s to meet the user requirements

1 2 Deiinition of the Problem

The discussion above points out that a total marine data acquisition system needs

to ) e defied to meet user requirements As a component of this system, the role of

the NDBS within i mix of marine daLa acquisition systems must be determined. In

order to determine the role of the NDBS an analysis method must be developed to

evaluate the capability and cost effectiveness of buoy systems and systems employing

alternative data acquisition platforms to pr.vide a basis for decisions in developing

the N ZPS.

1 3 Obj~otive of the Study

The objective cf this study is to:

(1) Design a cost effectiveness model to evaluate buoy and non-buoy

s v ins.

(2) To conduct cost effctI veness analysis of marine data acquisition sys-

tems, including representative mixes of platform types, and to analyze the

results, 'a terms oIf sstem effecvoness, of alternative allocations of funds to

buoy and non-buoy systems

(3) fhe ultimate objective is to prcvide information useful in planning the

development and implementation of unmanned buoy marine data acquisition

systems

1 4 Assumptions

The assumptions made in carrying out the sensitivity analysis are as fhllows

(1) Cost effectiveness analysis is the best method for evaluating alternative

marine data acquisition systems



(~The C Zt (f fect ivcees anal,1ys;is Should 1 c 1 1i poo 'I p -() ect i -I

%earn statec -oi1- tle -a ao capaio I ity f al I Im at', o rmn - aher thban 1)re t p

(3) The user requirements a.s tated by !he government ,i(rencies- inute

%'ie%%edl and as assessed by TRC with goveruimn t part icipati on prm" l it he tretri c

ibr cvauation of alternative configurations of' marine iata acquis-izion sY'5tcmW:

(4) The factors mci 'ided in die effectijveness, modr i descril, , n Section

are of primary importance for _ aluation purposes,.

1 . Limitations of the Study

The -,octions that follow contain a ujescription of the anial vs is ict hod de N -0l.

and -;onw res'ilts obtainedI Tt was recognized hY the UV S. C cist Guardl National Data

I BuoY Sys tems De~ignated Projec-t Office (Nt)BC DPO) that the scope ,' effort allocat .'i

to this aIldl vs s would prf-Vude an exhaustive evaluation of all opt ions, iv ilable in Ji -

signing a totai v,,arine data acquisition s;Ystem Therefore, anfl anal vsis wethod 't as

developed that is; flexiole and can be applie~d to determliine the impact of .changirog and

evol ving rationialv AWd a;s un''ti ons concernl~ing uszer requiremnent.. p1 atforlm. ca pa ii -

ities, rel ative worth of* data. s yy tem c.ostsz and other kcons iderations~ 'Emp hasis has-

been pi aceti upon devoloptient of a framewr~k for ev-al uat on The rcsult: pi-esvc

n re ni 4t i n! ended! to t, a,7te (:rvrett-, I as the total qndl iinal evalu ation hut Yati h r ,4s n

sample of the t vl(' of reuelts that can be obta i-d insjg the mehd~K.e oed.

The re sIn'dicate the relative pe rfor-mance of it Mbe hr of s vs ten configurat ens

but otilyN a verv li mited Diumb'r of .ptions has !wen (: onsidered. S mie -,cndo ions

have been d'rawn from this analysis One orlclus Ion i-s- that the alvismethod Can1 lq

used to carry out additi mm t radeoff stu ies as., more intoi-mat ion is obtainedi concernf g

the relative worthi of individual parameters )N~erve-:d at v-arkous gcigrnphical locations-.

at various levels in the vertical and with varyi ng ttemnor.al arid spatial irtensities

O-.ther conelusions are given in Sectionm.0

*The basic structure of alrnc6t any cost eacleesanalysis incorjxorafoq
arbtray sI~dfyig 9.ssumptions It is h1op d that the-e as ptosareclrv

delfieatd in this report. As this study. prog'..,,sed. tht NDRS I)1O e.xpanded the scout'
of the work rind 4'RC prepared a mkere con-prehensive cost-effectiveness s;tructure
which : s comipleted near the end of the contract. It is ai. cirpated that the new cosit
effectiveness s. nucture would be' USed inl futU rt studiesZ



2.uSE;NSITIVIT ANALYSIS

Anumbe'r of pia r \;sexi~st that ci n b t i Ptm 1) 4 'o e (I r 1a:r in nv-

rc-nmetai fata. It is srca sun) a!)le to as Su "L - that t he iioaial ma~3rifle data dlcqm ; it ion

sste m ot the near tuu( reWill tflcludc many )i the sc pki 1- types as c omponents of

the sys temi. This assumiptior apyirs valid ueca, se no one platform has the ( ap-iilt

to s5,t s fv all of the dat a needs of the mazny uisers of maine envir-onmental inforn-a

Lion. The I R~C -National Data Buoy S-,stemis Feasibil tv Sturb indicates , -at an

unmianned buoy 5\ st m is techniCal iv and economitcall I easible to servo as a part of

tc : arine dat , ac(4u is lti(n ;, stem and to p coy idt, a portion ot the en fl ronrnent at data

oquircd b, ma.- user groups. The desig-n and implementation planning of National

Data BrySvstem, must con.-ider alternatxve configuraitions of a 'uture national marine

data, acquistior s.N stem, to determine th2, rol- that the NDB.S shouid play in ineeting the

u!ser requirements. The nmmier of plat formi typels that are logiual candidates for

inclusion in a nation. marine litai acquisition svstem w ili have capabi'iie~s that overlap

but will not be identic:al. This pcses a question as to wat part of the NO)BS capa.lt

should be redtrndant with systen--s comip.ising othe.r platform types-, also, how should

tis redundancy afftvi't the buoy sv te usign ' Thf. aualysis conducted to answer this

qluvstion miust inclulde an evaluaticxr of the potential of alte-rnative platforms and mixels

of platforms1-- to sa1t1sfy Ute entire ran.., A -s er reauirernonts for ma.-ne enviro-,nm.en-

al dat-a 'rho :q proach ust:i and the rc 4ults obtsae-1 arei discussed in lie followiing

2.Analysis App____h

The approach to the angi7.sis involvMd scven Key ste: ps as described below.

(1), Determiine user requirements by g*xgrap)hical regicris nd vetical

(2) Define A list of potential pla~tformn types for itOugion In thk marine

data ae,4uisiti system.

(~~DevelN a ccot-effect-eness modlei for evpluating altei-native data

acquisition svp~ems.

(4) Select Alternativo, repreBentztive {lolcFL1) mixes of platforms to

form gs~ems to meet the user requiremnet's.



(5) Perfrm cost eftectveness analysis on the alternative svstems.

() POeiniile t~ie buov ,System sensitivitv to reallocation of funds.

i)Determime the i m act on thec rfst cffecti venes., ana lvsis results

w hen certain cvaina tion c ri tern 'ac va ried.

T he us.er1 rcqI1rt n ltc ":S ou Id he or gan Zled i 010 c ofe rent .ts tha,.t (,a14 prov ide

the yardstick for perfoirma-nce mneasurements oi the alternative s:;st~rn configurations.

Teoganizat-ion of the dawi requirements is mos oiclY arw:ompiished by deter-

mining geographical regions wre the -(-Uirenwnts are reas"onably !Iomogenecus

and treatin, ffiese skecaratelv. *Fhi: studv coridcr,, requi remnents in thui uiorthern

henoi ~ne i c in particular, those in the Det -i (Xcea (Do~) and those in the Coastal

North Amierican (CNA region, ' 400 n m: out fromi the coast.

Division of the atmnosphere an,! o-cean into Li2vers is desirable partly ',--cause

Il thevarition of requiremlents in the veri-cal and in pArt because of the capabilities

.of the potential platfors to povi eer Lt. re na t i onrs in certain vertical laye rs

than in others. The 1q96- user r equ ire tn s havec been re fined as par t 01the present

USC c1 T RC contract, and tIhO u Lrlos it . Oc anal sis has i.een extended beyond the

1 imi- ad coeof the 1167, ieasilhi ott -, *dt V hse f Iactor-s have led to a roorZraniz.a-

tion of the da-tal ree rt I wen!1, t 1t S t orI hs St ud

A lptnia 1a ~otpssoldb e~adso that alternative ra rine

dataq acquisition systems"! c-n hDe coll tgurved and evaluated. The list sh(Xild include

platform types presently empyloyed in marine envi ronnnt data acquisition as well

as Oce lajtforms, expected to I he I av hill With'in the next five years. 'Seloctia'ns of

alternativt tix es of platforms mu. niade to coinprise alter-native repreaentative

curifi gurations of a znarinel data acquisition system. The total pesoible combina'imos

of numbers and types of platf~prm s is prohlihiti~eliv large., With this in rn nd the

qe',tctiom --is been restrictek to a few. mrixes th-at Are con-,idert-l to the iclrevre-

sentation.- of future systemVs.

The need to deveictl -( effectiveness modiel for evailuatxi of alte -rnative

data acquisition svstemsl: is apparent A systematic evaiuatim using such a rnc de!

should provi1de answers to 6such tiiestions as hoi manY of the stated requlrmmelt

can be mnet by each of the several alternative 5"steins at ax given cost level or. acV

vereiv ho th efectvu~ss(o-r performiance)changes as cost-S increase o~r dc~reaseo



byvring the -. otmcr o in The cost eljci e r vode! used in the lb B7

feas. iiry stud), is nadeq uate for thi.is e; a nuation.

In hwz 7sm dv 'he 1 P6 I ms - effectiveness- i We! a extte led to provi de aia

tor com'ps. ring, me Nt) PS wki ii ow cr t -it i a miarine. data col! ct ion pl atfo rms -- -p~t

formsi- that arc er' ma! em enta rv to or in co mpetl tiov, WI ii01 thle ND PS In niddition to cr

pa nison on a pltomb-ltomhas is, the c -t effectiveness o)f hyp.-othetical mixes

of Ilatformrs has also lhee1 coinpuu 1. In certain i,-stances ' the cap~abilitiesz and/or

num her of 1 afe rni of w ~ in tbi mix have been varied to de"c :m inc the sensitivity

of :-he NL)13S to such changes i ',hcr casts- available c I 'HlenIentatiOM n operatin~g

-0d. 45 at lee 1 cons ide rev, constant a.-cI cost effectiveness or pute for different

nmesOf uoIys anld Other p1 atiomi tYpes, that could comipris;e th)e platform mnix within

the fixed cost instraint.

The cost eflectivconess, resuit-; in t-.cmsci yes d o not tell the ccinpletle tory.

One must look at th!e bkasic capabilitles of tie niatforxns ti each ge,,-graphicai region

and eac'> layer m diec vertical to see v here redundaqncy occurs. The redundan-w amng

platform types is a laror that roust bex- :-esol ted in thie finn- --vstem design OIf course. 4

a certaqin degree of roidundancy mav be desirable. particularly in the earl ii stages of

maevet opm cut o", the natr 015 i data cuiiio y u

2U iser Requ. :ement Class'ification

Th'i irst '1 op ini thei an V v5A dv was to' -e-exanrine the rtquiirernient; h

manv-us er-s o1 instine eur rirnvental darn wsd to estabnlish otei-n?. sets- of -qu i-

me ntU to use to measure the performance of 1u0 '_ re potontial marine data aequisiti 00

sysztem config rtos Thfiaclsificati on of tL user rul cemn-tsL res-uitett d

through two p-arallel THG study effotsu and interact ion with- oesric f rhc NDBS

1)t PC Tersne ino-d in the T11G effort to r~tne V.mtxiit the user -oquiire-retits

pr-'videdi compiletre an-alyses of user reurmetor (t'rItc(lata with sufficient

Icad time for apil ication in this r ensitivitN analvs is. Su4,fficient nt-fined resc; 'Ch re-

oui rem eatsq "ere not retu-ned to TRG for r-ss otin ziii' for incl;isim the

The user r~uirements for ,,ia-nce data for oornoa 5r ci u A o'acon-

ti.,;uing btsis feil into thrwm basic: categonies; The first was fcr st-ioptIc o~rai

over the wori)r'5' o-CeaasV w-ith a comu.prltvei v h StT-he 'ontal opacin e~C

ng em ecI



ois'ervaiorl Points,. on t order of 500 P, mi h(,etwoeer poir. s. These were classiied as

the Dcep Ocken0 (DI~ operatiOnal re-quirerments, Fsince hnF rresented a coherent

class of rc-qui re.nenLs general ly useful to governnmen, agenclvs such as E-SSA, UT.S.

Navyt USAk', USCGC, and BJCF.

The second cate~corv 0! requ~rceiyiets wxas fcor -vrioptic i16serat~oms along the

coast of North Ati.,vica extending from~r about 10 ri mi fc- 400 n mi outward from the

coasts and having an average horzwrital spac-Ing between olbserv-ation points of about

100 n mi. These were classified as the Coastal North America (CNA) operational

requirements -ind a-e a coherent set of requirements generally useful to the above

government agencies p-his FPAWCA.

The thirdx category of reqruirements was for synoptic observtions in the ( reat

Lakes and U. S. estuaries on a relatively fine hocrizontal spacing sc,,1e. The refine-

ment of these requirements is still not completed anc, this require3ment category was

not used in the evaluation of alternative system conliguravons.

A seven layer verC *il stratification of the user requirements was adopted at the

recommendation of the NDBS DPO for evaluation )~f the alternative systen .offlgura-

tions. The seven layers are listed it, Table 2-1.

TABLE 2 -1
VERTICAL LAY ERS

-- Laver ___jBottom JTop
1. Upper air > 50,' 000 ft. 100, 00u ft.

2. Upper qir > 45 ft. 30, 000 it,

3. Sarilwe atmosphere -ea level 4 5 ft.

4. Surface ocean 10 meters sea level

5, Subsurface ocean 500 meters > 10 meters

6. Sutsurface oce" ~ 5000) meters > 500 meters

7. cean bottomi At or near ocean bottom regardless of depth.

There are Deep Ocean and Coastal North A merica user requirements th,.. apply

generally over the entire area of requirements and are required by several agencies.

These requirements are Ied in Tables 2-'2' and 2-3 by individuat layer.



TABU: 2-2
DEEP OCEAN (PERATIONAL PARAMETERP IVUL IMEN

Laver 1 (30, 000 ft < L 5 10,9. 000 it) i~ver- 4 (Om! L S 10in)

Ai, Temperature Water Temperature
A 'tmospheric Pressure Wave Direc-tion
W'ind Dirc-ction Wave Height
Wind Speed Wzvi Period
Dew Point Salinity
Co-smic Radiation Current Speed
Ozone qu-rrent Direction
C loud Tops \"ater Pressure
ClIoud I';a se s Ambient Light

Cloud An-ount Trausparency
Ambient Noise
Sound Spee~i
Tidal Fluctuation
Chemical Factors
Biological Factors

LRavnr 2 (45 ft < L 3 0,000 ft) Layer 5 (10m<L.!500m)

Atmospheric Electricity Water fe mperature
Air Tremperature salinity
Atmospheric Pressure Current Speed
Wind Speced Current Direction
Wiw~ Direction Water Pressure
Dew Point Ambient Light
Ice Crystal Size Transparency
Cloud Tops Ambient Noise
Cloud Bases Sound Speed
Cloud Amount Chemical Factors

Biological Factors

Laye r 3 (0 ft ! L s jjt Layer 6 (5O0m<L950OO~r)

Insolation Water Temperature
Precipitation Ratte Salinity
Visibility Current Speed
Air Temperature Current Direction
Atmospheric Pressure Water Pressure
Dew Point Transparency
Atmospheric Elettricity Ambient Noise
Wind Spe ed Sound Speed
Wind Direction Chemical Factors
Ice Crystal Size Biological Factors

9



TAB3LE 2-3
COASTAl NORTH AMERICA O"E RATIONAL1 PARAINETEII REQURE MENTS

TLaxer 1_(9 00 ft -L "100, 000 ft) ye5(1nI 0')

Air Temnperature Water Te mperature
Atmospheric Pressure Salinity
Wind Direction Current Speed
Wind Speed Current Direction
Dew Point Water Pressure
Cloud Amnount Ambient Light

Transparency
Layer 2 (45 ft :<L'530, 000 f t) Ambient Noise

Sound Speed
Air Temperature Chemical Factors
Atmospheric Pressure Biological Factors
Wind Direction
Wind Speed layer 6 (500m< L:95000m)
De~w Point
Cloud Amount Water Temnperature

Salinity
Layer 3 (0 ft -!L!-45 ft) Current Speed

Current Direction
Insolation Water Pressure
Precipitation Rate Transparency
Visibiklity Ambient Noise
Air Temperature Sound Slyeed
Atmiospheric Pressure Chemnical Factors
Dew Pc--t Biological Factors
Atmospheric Electricity
Wind Speed
Wind Direction

Layer 4 (0mn*(L~rl1m)

Water Temperature
Wave Diretion
Wave Height
vave Period
Salinity
Current Speed
Current Direction
Watei Pressure
Ambient Light
Sound Speed
Tidal Fluctuation
Chemical Factors
B. 'logical Factors

10



There are no Layer 7 requirements stated by any agency for Dt-p Ocean or Coastal

:lorth America areas for operational use, so this layer is not included in the tables.

The narameters required in the ocean lqyers (4, F 6) in Che Deep Ocean and

Coastal North America areas arz Psen to be identical, while the atmospheric layers

(1,2, 3) show a slight reiuction in number of parameters inrluded in the requirements

for ( ,,stal North Ameican areas.

TheP are requirements stated by the L -ers specifying how the parameters

should be measured to be off value to the user ,, operational application of the

data. These mc..'surement requirements have ' en called "parameter characteris-

tics". The eleven parameter characteristics contained in the requirements matrix

used to evaluate the capability of alternate platform types are listed below with brief

explanations of their meaning.

(1) Vertical layer - the vertical extent of the layer through which

measurements are required.

(2) Range - the minimum and maximum values of the parameter that

must be measured.

(3' Accuracy - the required accuracy of the measurement cf the

parameter.

(4) YDuration - the averaging period over which the measurement must

bp b made.

(5) Vertical sampling intensity - the number of levels in the vertical

wher: ., neasucements of the pteametex are required.

(6) Temporal sampling intensity - the required cycling frequency of

the parameter observation in time.

(7) Absolute (x, y) location accuracy - the accuracy required IM the

horizontal positioning of the parameter observ

(8) Vertical (z) location accuracy - the accuray required in the vertical

positioning of the parameter observation.

(9) Synchrondzatbon in (z) - the maximum time difference permissible

between the observations at all levels in the vertical layer.

11b



(10) Synchronization in y) - the maximium tinik difterenet- pvrmisslble

betwxee.n observations at different locations in tho- horizontal grid network.

(11) Transmission !ag - the maximum- time a~iow,,)W- betwe-ren the

observation time and the time of receipt of the data at the -.(ers' data proi. ssing

center.

Table 2-4 shows the requirements matrix of pa. -imeters and paranneter char-

acteristics for the Deep Ocean Operational (DOO) and Coastal North America .pera-

tional (CN.' 0) requirements. The only differences in the matrices are the Deep Ocean

and Coastal Nor-th America parameters required (shown bY the checks in th~e Column

to tb'e extreme right to designate those parametirs required over the Deep Ocean areas

only) and the temporal sampling intensity rhara( eristic .alues (shown in Column 6

wb'-re the more frequent cycling is required for he Coa stal North America areas).

The user requirements shown in Table 2-4 -were .!sed as the basis for measuring the

performance of buoy aid non-buoy. systems in the cost~ effectiveness analysis.

2.3 Platform T, -es Considered in the Cost -Eilrectileness Anaiv17sis

T he types of platforms considered to have potential as a part of a totrIn marine

data acquisition system are listed below:

~DAircraft of opportu.nity - these are the cornmrercial aircraft flown

for purposes other thr,.ii.~ na onmental data aqusitun

(2) BuoYs - unnmdained, moored.

(3) Horizontal sounding balloons -- tree floating, instrumented balloons

intert ogated by satellites, such as the GHOST sx stemi.

(4) Mlanned buoys - moored, mrannedI platforms such as the t LIP or

Seastation type.

(5) Oceanographic ,vessels.

(6) Reconnaissance aircraft -instrumented aircraft Specifically qlo'r.

for environmental data acquisition.

(7) Satellites
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hips of opportunitN - co mercial or military ships capable of

carrying i. I'-,ment shelters and environmental data observer perso,.nel.

(9) Submersibles

(10) -ixed Towers

In considering platforms for general purpose application over the world's

oceans, platform types (9) anu (10) were cc -sidered to be so limited in application

as to be treated as special cases and not included in the co-. effectiveness evaluation,

2. 4 The Cost Effectiveness Model

The cost uffectiveness model was developed as a flexible framework for

analysis in consideration of th lack of high confidence data for many of the cost and

performanve factors. The moUld is intended to be a planning tool wherein many op-

tions can be specified as to input and results ,ompared. For the purposes of this

essay or)N a limited number of the input otions were exercised to show representa-

tive results.

The performance factor used in the model based upon aii estimate of the

five-year state-of--the-art of design for each of the platform types included in ;Ilterna-

"ve s~vaem niixcs. The svsten- reliabilities used in the model are based upon expert

judgement projecting th ' small aMnount of existing k noledge concerning the reliability

of systcim _,id compocnts tL:at tmay he potentia,'O, .1pplicablte to, a future national

mari~ae data acquisition sytstem.

" 4. i 1-iuctiveness

The generii;%ed form of the effectiveness o ,i

AI

1i
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where

E system effeLcdveness

1) weighting factor for Layfe.r n

Lnumber of 1ayers in the vertical

A fraction of the geographical area of interest over which the system
acquires data

EF system effectivenes-. for Layer n

Layer n system effectiveness (EF ib given by

P

ri CR m Sm (2-2)
m n 11ax

where

C capability score of platform type mn for Layer n that is independent
fllflof the othier platform types in the mix

11 M =a maximum layer ca;-ihility score attainable

fl platform average reliability

Is platform aver.-e surivabilit-v

1 niumber o1 platform t~ pes in the syste-i n,,x.

I 1 (!Tabiliti

*~ staii'ig -(Ant in the computation of system effectiveness is the determ ination

of the saa cor,, for a given platform type. The composite user requirements

niatrix in a c -4was used a!; the basis for determining the capabi~ty score.

An etirnd -te Nia Lb &dC)of tOv. five-year stte-of-ie -art capability of each platform

tNype to m-easure uih arametcr arm parameter chnracteristic as spe-cified in the

Matri> A capabiitt SC )T 'i ng mIAtrix was established that corres ponds to Table 2-4 and

wei its each oParam nter (+uArc teris tic ats unit;, in all a pplicable characteri stics ?-1

vert.,cal ,Pmpling. Tw:n- i--ix i iz ,kcwn in 'r.tile 2- 5. In the vertical sfrnipiing

intensitv (columin a sci,,e !) t- giver', tci t oih level in the vertical laver where
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an ol--ervatinn is roquired. The number of levels in the vertical %will e ex-Plainled

paramneter-by,-paramefer later in this ection

Thc capalitv soore for any platform is obtained by apipving thef scores given

in Table -2--5 to everv paramieter characteristic that the platform is capable of mnea-

suring T he total capability score io ;iven as the f i-attion of the capability .SCorir,,;

matrix total that a platform can attain.

The capability scoring matrix tota!F are vhown in Fable 2-6.

TABL-E 2-6
CAPABILITY ScORPX, MATRIX TOTALS

_ _ _ _ _- 1 7~Late r Deep Ocean fCoastal1 North America

19 1 134

3 9 0

4 1 t2'1 2

198S 198,

Tom, 7 9S 3 S~ ____
For the plllpo , es of th-y sztudy, w it h b e exceptio)n of ,-erlical s;ampi ing intensz itv,

the parawmeter-s and proirreter ClaA~e si~ erc equadlv weighted anoi *scorV6 0on

ither one orzero, depending on whietlhe(r t'ih-, requi red paraineter characteris-tic wais

Com,-piettrlv met or no.It Is a inpl alter to V-omipkite R meore sofhiSticated capa-

biity score using Rinx given rei ati ye weightig of pa-ramete'rs aqnd peraMeter :haracter-

~.tic Thecl nim-ns and rows,- of tho, matrix can. be mnultiplied by the lote

weightings nid tLhe fractional qcore iir ,uny plal.,or' t dete rw ined.

Column"' - in Urnw canabilit.y sciorlm., matrix in fable -- nmisthc number 4

elsin Uhe- vertical1 &t. Ahich ohs eurvatbuons are requi-e ri e as for these reqm re-

ments is lit iev.

sit ts emognizedi t Lat nmore s4otlisticatced scrigl~thmsZ can, be p-owtulftue
1Pnov s ionz for thi-s has ineerl zu ated 11' a m1"ore T n eesleco ef!'xCti vene sz

tructu rt v-elI eped l ii the co As of i - uzum dx I it atcpt dthat di is
~ CS iit' vcus ~ii7~ r~ct~would K .'re fun retu ie
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a Air tV.n-IP ra-ti r e, i n sbedQpe ue Uduew 1p Oj nt - rered at

4 standard irvels plus .'Sf1ifcin vf s and at the surface, This rosalts in 9

1l-velcs in Layver I , I (I ievelz i n Layer 2 and Iin Layer 3,

* Wind di revtinn and x,%inu is peoI reonired ever-\ , 000 feet to I 0, 000

feet, ever', 2, (00 feet from .12, (;00 to 20, M00 feet, at 23, 000) feet, ever, 5~. 00

feet from 21,, 000 to 4(1 00(l feeii and everv 10, 000 feet from 50, 000 to 100, 000

A_ additional 5 significant levels i,- required bringing the tkctai to 32 levels

for .inis. The ,., diLvic it IJ lveis in I.,vf r I , 22 levels in Lay er 2 ad.

level in Layer3

0 C os riio radiati on -id ozone - i qul redl every 5, 000 feet from 40, 000)

to !0t0. 00 1e e t Ifo)r -i Iota 1Of 12, levels in Layer 1.

* Cicoid bases and f .. reqjuired for up :o 5 layers that ar#' divide .'

into Iin. Layer I and 4 ini I alyer 2.

* C loud, ioount - require-d as o~ie observation tirough the atmosphere,

L ayers a and 2.

a k~rnosph'eric tl.ectricirv and ice crv;sm-l si- - rquiro d at 10footl

interva~s frozm' -oP IIC 10o i :t k!r111 a t. hAo evels in Lae 2i aU i at

thec s,, i Le i.

* l u t o 'oe ' aa i-A te and Vt t rekui ed sit t! " r

* \ I'' '~O~itO 'a' Itv 2nrrn ~ ~ 0 -I-rent dij rkC ti (pj,"kae

'~~~~ all'rs .1'2'actzi's - 'tq'~uit

i~~aveci' 4. hi resui' ini 111-r S n 'vinnl~~ro

0 \ h.,..~ oW' Lt~ufu. uLns-ruio

at to ~' ar " I .. xt 41 .4

* ~ i ~, \I..r&4. it2 o' ~.; inove 4 :fl~ I a ow

*T :l.OiYV( rc 7jr'.lt 1\)S 4* . ~'"



Appendrix A ,ont&oros i-ic, apni:atrices developed for each platform type

and an explanalion on a pararn: te, -hb-parameter basis of the method !oi rnMuS0rrnent

estimated for each plaforin tvpe,

2. 4 1 2 Reliabilitv

The reliability values ased in Equation (2-2) are *estimdles of the ave7 age for -rlch

pbotfoi n ty-ne for a one-year cetngperid . R Aability is deflned here as in the

feasibility stvdv- as Lhe prolr:abilit -, performance of an intended furection for a Specified

time peri(l under spt-cified envi1, .)nrlental. condition4s. Trie reliabtlity eStimates used

in the ~'c;aoscarr . 6 out in tbm- c-valuatiVon an'g'sis ark, sflov'n ll. "able 2 ---7 ir

each piatform tvpe.

TABLE 2-7

P LATFORM IHFIABI ITIES

PlatformReliabilitv

k ircraft of o- qvrtunitv o. 95

2. Pito (with 12 mionth s.teeL0 ce
intcrval)

Ioriz~ont-al s4ow;nnng bImloon system~~7

- O ce'anographie c Vte

lec onnai qs ane, tr cra i

I .-iv one-y-ear :nverailt. a'' a, ot'ndin~m~2 r ~~~-

m~ vaiu'- obmai-.e from \lp n t'q'' -'ica A -cates' TI'.. nut~

s evtrc m ovvrnnment %,- ncv all"! illk~uttrv r& pr CI~tRxti vef 'ct'erviewed (I .i them

MIW fenshi;' tv d These vahl ws have- been re. & ' hNI'-i).i -a a-

approvod for the C' urpost's of Olis sttuch . the eflfecti ;w~s! -Mxlol -~vi ;'w zo : -d' to

lete-Illile the inipai of val iati oln- re(llabilitN hu t tlhi - h nol hd"V' .Ono In ti-

current stvt+



2. 4. 1. 3 quivivability

Survivability is defined as the probability that a platform type will continue to

exist in main' . ible or repairable form foc a specified time period under specified

envir ,nmentai conditions. In the 196? TRC feasibility stuch, the 2-urvivability of a

number of unmanned bucry systems was analyzed. The L-.ioy specifications were matched

with climatologic±i data on the parameters to which C bu'ys were Sensitive. Results

of this study in(,,cated that the large unanned buoy (such as a 40-foot discus) had a

one year probability of survival in e-N-.:-s of 1-1 99. ' The survivability of platforms such

as aircraft of opportunitv7, mannied Luo:'s, oceanographic ves-sels;, Lecennaissance

aircraft and ships of opportunity would bN -pected to be 1 0 b)ecause of the conserva-

tive desiq axtd oontinuou- maintenance on these platforms. Projecting the presen~t

capabilities oi satellite _,stenis and allowing for replacement on the basis of expected

iffetime permits the use of a projected survivability of 1. 0 for a satellite system.

Finally, the horizontal sounding bal'-on system projected h~ire is predicated upon the

continual insertion of repla... .aent balloons into the atmosphere as inc-ilvidual bl c

fail. With these considerations in mind the value of survivability was assumed to be 1. 0

for all platform types tor the purposes o, Lhis study. The effectiveness model can be

, mployeci to determin~e the inmpact of survivability values of less than 1. 0, it so desired.

2. 4. 1, 4 Areal Coverage

The fina.' term in Eq, (2.-1) is the area' oov(-rage term. In order to determine

the effectiveness of a given platformn type to -neet user requirements one must not only

b(. concerned with the basic ob_- -rvational capability of the platform, but must also

conside teaity to acquire data over the entire geographical area of interest with

the temporal intensity (cycling time) required.

To relate effectiveness to cot-*,, the :Aumerlcal value for A in Eq. (2-1) is

related t , the number of units of each platform type needed to satisi., systeia data collec-

tion requirements. The determination of A as a function of platform type can be one

of the nost difficult aspects of evaluating alternative eonfiguratit- s of a data acquisitao

syster" tor certain phatforn, types. Trio determination of A is simple for those platform

types that can be fixed at a locatlon. In that vase, coverage is the tiumber of platform

units divided by the total number of locations for which observations are requaired.

*Assumnes buoys are mcored in regions between 60 north latitude and 600 south
latitude.
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Therefo: e, A is easilv daerm~nedl for unmanned buoys, moanned buo-s, and oceano-

-zahi ves--s The in platforms, m-aking up the remainder of the list. each

require a sepoarate rationaie concerning the mode of operation, Satellites and re-

connaissance aircraft and horizontal soyunding balloon syst ems are spec ifica. ly

emploved for envirormrneiital data acquisition and can be designed to mnaximize coverage

for a oiven numaber ol units. Aircraft of opportuniiy and ships o-f opportunity are

cperated for purposes other than data acquisition and the rationales for relating areal

coverage to number of units is most difficult for th ese platforms. The value of A used

in this study for each of the platform fvpes is shown in Table 2-8 for the Deep O ea

operational requiremrents (N'orthern h~misphere) and the Co&lstal North America re-

ouirements. An average grid spacing of app±oxirnately 500 n mi was used f'or the

Deep Ocean requirements and approximately 100 , ni for the Coastal North America

requirements. For the Northern Hemisphere, this results in 150 observation sites

for the DO and 350 for the CNA requirements, providing the typical coverage shown

in Fig. 2-1. The values listed were obtained using the following rationales-

(1) Aicrftof oprtnt - Deep Ocean &real coverage

*Assume 80% of all transoceanic commercial air--raft are airborne

on any gi-en day

* Astsume 6 hours flight time across the Atlantic Ocean and 12 hours

across the Pacific Ocean

* Assrume that during each flight an F.crraft will be at or near one

Atlantic Ocean observ- :on point or two Pacific Ocean observation points

at an observation time

* Assume 75% of the observations from these aircraft are redundant

in time and space due to flight schedules a~nd concentration on air routes.

The assumptions for the CNA area coverage are:

e Assume that esch flight will be at or near one of the 350 observa-

tion sites during an observation time.

*Assume 20%k of the observations from these aircraft are redundazat.

The lower redundancy for CNA, relative to DO, Is based upon the higherI. density of observation sites resulting in more independent observations from

aircraft being applicable.I 21A
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TABLE 2-8
AREAL COVERAGE RELATED TO PLATFORM UNITS

Percentage area covered per platform unit

Platform Type Deep Ocean Coastal North America

Aircraft of opportunity 0. 05% 0, 04,

Buoys 0.67tl 0.2971

Horizontal sounding balloons i00%, 4.0%

Mmimed buoys 0.677, 0.29

Oceanographic vessels 0. 67% 2  0.29%

Reconnaissance aircraft 0.20% 0. i0 ',

Satellites 1 00% 3  100%)

L Sips _.f opportunity 0.22% 0. 03%

Notes:

IA unit is defined as 2500 balloons airborne in the Northern Hemisphere at

6 levels at any given time.

A unit is defined as 3/2 of an oceanographic vessel, since 3 vessels are required

to maintain two at observation sites at all times.

A unit is defined as 4 Nimbus-type opersl'!onal sat .,es airborne at any given

time. These 4 satellites provide 100% coverage in both Deep Ocean and Coastal
North America simultaneously.

(2) Buoys - each buoy occupies one of the 150 ' ,;p ocem observation

sites for a DO areal coverage of 0. 67% or one o' ane 350 CNA sites for a arerW'

coverasg, of 0. 290%.

(3) Horlzontal sounding ballooz - 560 iJalloons e,-enly spaced over the

Northern Hemisphere at six levels in tlre vertical will gi i 6, 25/6 balloons per

500 n mi square block nr 100%coverage for the Deep Ocewi sites at the six

levels only. This same balloon density, considering the 100 n mi square blocks

of the CNA, will provide only a 4% coverage of the VNA sites.

(4) Manned buoys - same as buoys above.

(5) Oceanographic vessels - same as buoys and manned buoys except that

three vessels are required to maintain two on site. A unit is defined as 3/2 of

an oceanographic vw sel.
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(i) Reconnaissance aircraf, - based upon the present weather reconnais.-

sance tracks and ,)pcrations, a fleet of 10 aircraft will providt 2W areal coverage

of the Deep Ocean sites or , 2' per unit aircraft. Similarly, for the CNA the

unit aircraft coverage is 0. l",

(7) Satellites - assuming a polar orbiting Nimbus-type operational

satellite is required for the capability score absigned, it would require four

satellites in orbit to pro'viue 100% a real coverage of both the [ ccp Ocean snd

Coastal North America ousery,:tion sites.

(8) Ships of opportunst) -- Deep Ocean areal coverage

* Assume an instrumented and manned fleet of 100 shipe-i operating

in the Northern Hemisphere

" Assume 2/3 of the shipo at sea at any given time

" Assume 50"1 of the reports from these ships are redundant in

space (two ships in the same 500 n mi square block at the qame obser-

vation time due to the concentrat!on within shipping lanes).

100 1
A = x - x - 0.22 or22% per 100ships

50 3 2 0.22% per ship

For Coastal North America;

* Assume the same .00 instrumented ships

* Assume the ships are at sea two days out of three

" Assume a ship can produce 7 useful CNA observations in either

the Alantic or Pacific ocean on a crossing (7 observations at thre' - hour

intervals within 400 n mi of the coast)

* Assume a redundancy of 25% of the observations because of the

concentration in shipping lanes

* Assume the ships are distributed such that of the 66 ships at sea,

44 are in the Pacific and 22 in the Atlantic

Assume 6 days to cross the Atlantic and 9 days to cross the

Pacific
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A 3hir will. provide 7 observations in ; days in the Atlint i( or 1. 2 observations

per day ikh. - shjp will 1-,ovide i observations in 9 days in the Pacific or 0 R oscerv't-

tions )er day Thus for a given day the areal coverage is:

: 1L2 x 22 -+ 0,84 x 44
A 1 x0.75 - 21 per 100 ships

8 150or 0. 02'k per ship

If one considers the average ship path to be at 450 to the coast the areal

coverage increases to 0. 031f per ship.

The areal term A in Equation (2-1) has been assigned values in this study based

upon the above assumptions. The model allows for vrration in A according to any

alternative set of assumptions.

2.4.2 Costs

Initial investment and yearly operating costs were projected for each platform

type. The operating costs include ground support facilities for each platform type

with varying percentages of the ground support shared with other operational systems

where ap -- able. The cost data used in this study were obtained from the U S. Coast

Guard, the TRC feasibit y study and s -veral references. [ 3, 4, 5, 6 3 Costs were

develo ed on the unit basis for each platform type to facilitate the evaluation of

alternative configurations of a total marine data acquisition system. These unIt costs

were projected on the basis of a ten-year operation. Replacement costs of equipment

are incoiporated into the operational costs. The affecks of discounting or inflationary

dollar value change wore not included in this stage of the study and are not considered

to be factors that would significantly change the results. The unit costs for each of

the platform types are shown in Table 2-9. The details of the platform costs are con-

tained in Appendix B.

2.4.3 Limitations af the Cost Effectiveness Amalysis

The '.st effoctiveness model has been employed in this study to evalwate

alternative configurations of a marine data acquisition system against particular

user requirements. There are factors that are not f"'ken into account in carrying

25
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PlattrmT'x1\ -- '.ni t C ost ( iiii ns per 10 years,

Ai rc raft of ('1porti~t it7\ o. .w

* Buoys1. 3

H oriZontal sounOU ug alloon 14.o

Mlanned l)unN,1~

(-kceanograp hic vessel 31 5'
:3

P-cornissaviit .iircraft I42. 0

Satellite 166. 0

Ship of "'iporturn __ ____

Notes:
I- A unit,, is defined as 2500 balloons airborne )t 63 level]s over the northlern
hemisphere at any given time.

T ,,hre-e vessels are required to maintain two observation sites so th- at the uni.
cost is 3 /2 the cost of a ve-ssel,

TwI~o reconnaissancee aircrafi are assunned required to maint-ni, 1ie daily
op)eration on one track.

4A unit is defined as four satellites COntiinI-xsl- in orbit. These 4 satellies

prov;ide 101,r coverage in both Deep O1cean and Crciastad North America 0muxl-
taneousi v.

out this evaluation. q-d these should be k Et in mind when attemrpting to Interpret the

results some of these limitations of the anaivsis are listed below.

(1) Some of the platform-- are capable of measuring paramoters., not

included inP the user requirements matrix for Deep Ocea a nd Coastal North

Amneric-i operational data andI this capability Is not reflected in the results

2)Some of the platforms ar- capable of providing data over larld ar.easQ

as well %s oceani areas at no incre&ase in costs. Thvse are the satellite and

horizontal soundinig balloon mc i s

(3)~ Satellites ame a1:,o capable of providing soutl~ern hemnlspheie data inl

addition tto rcrthern hem ispheres at esntiallv the sa:.ie total cost.



(4) Several of the platforms are flexible in horizontal spacing and the

temporal reporting of observations with little or no increase in cost involved;

this added capability is not reflected in the results.

(5) The analysis has been conducted for requirements pertaining to gross

areas of the Deep Ocean and Coastal North America regions. The results do

not indicate cost effectiveness with respect to specific small geographical areas

of the oceans.

The results presented in Section 3.0 are based upon the stated user r -ire-

ments, equal parameter and parameter characteristic weighting, projected reliability,

expected lifetime and survivability values and areal coverage based upon sets of

assumptions on the operating mode of the platform typfxs. These inputs to the cost

effectiveness model can all be varied to determine thPs impact upon the cost effective-

ness results. Only a few of these options have been exercised to determine sensitivity

of selected cost effectiveness results, but the number of options that can be exercised

is very large.

A detailed discussion of the method of computing effectiveness for a systemZ

comprising a mix of platform types is given in Appendix C, The method of accounting

for redundancy among platforms and the consideration of joint reliabilities is also

treated in Appendix C.
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3.0 COST EFFECTIVENESS ANALYSIS RESULTS

3. 1 Introduction

The cost effectiveness analysis was conducted with the eight basic observing

platforms described in Section 2.3 for the Deep Ocean area and the Coastal North

America area. Initially, the analysis comprised the computation of cost, effective-

ness, and cost effectiveness ratio for each of several logical platform mixes according

to the cost effectiveness model described in Section 2.4 and the basic rules defining

the two data requirement areas. These computations provide a basis for assessing

the relative merits of the various platforms under a fixed set of conditions. Next,

some games were played with a few selected mixes of platforms in which some of the

basic rules and conditions were varied through a large range of values. These games

afford an understanding of the sensitivity of the results to some of the many factors

inherent in the analysis model. They also provide a means of defining a bounded

region in which the actual answer most probably will be found, depending, of course,

upon the validity of the assumptions and other factors which were not varied.

3.2 Deep Ocean Area

The Deep Ocean area in the northern hemisphere includes the North Atlantic and

North Pacific Oceans. The composite requirements for this area are for data every

six hours on a grid mesh of approximately 500 n mi, from the ocean bottom up through

most of the atmosphere. The specified grid requires data at 150 points for full hori-

zontal coverage (see Fig. 2-1).

The individual platform capability scores for the Deep ocean area (see Section

2.4. 1.1 Capability) are given by parameter for each of the six layers in Table 3-1A and

by layer in Table 3-lB. The layer effectiveness E of a platform is computed by sum-, n

ming the layer parameter capability scores, dividing by the total possible layer score, and

multiplying by the platform reliability [see Eq. (2-2) in Section 2. 4.1, considering only one

platform typel The weighted platform effectiveness averaged over the layers is given by

6
~bE

n1 =n n

6E bn

n=l
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TABLE 3-1A
PLATFORM CAPABILITY SCORES BY PARAMETER FOR THE

DEEP OCEAN AREA

1~yer Psrariie.r. I -

Air Temr uur~ire 0) 19IV1 13 9 19 9 1
Air Pre .. i.re 0 19 1 9 US 13 9 19,i

W W ) r*tlioC 0 IV0 0 13 4) to 0 10 t

'A (Lad Sjw 1d0 IV 10 1 0 1 0 0 111 10
1!f Pouit Lae oe0 19 19 1* 13 7 1Is 13 Ii

Atrnoe. UFirii 0 0 -- )- 0 0i 0 0 0o 13

AF TZr re23r 0 0 4 20 13 0 20 10 20
Alor Traos 0 0 10 0o 1 10 10 ~ to_ 19 2

Clu Bas"__ __ 0 2 0 10 ___ U _1 10 10 10J

Cloud Amount 10 __0 10__ 10 0 1 1 1
Platform, Layer Sccs 10 14246I I 7 4 1 7

lAtos. lc trct 0 9 9 0 0 0 0 _ 0 19
AiTeImemrar 9 90 1 2 0 0t 0 20 1_ 0 20
A~ir 11l1 r 0 20 219 0 01 0 " 0. 16 2
Alrein 9 92 1 9 9 0 i 0 3 0 33
Wind Seoe 9 32 9 0 0. 0 39 0 32

2 Liv e on 0 0 90 00 i 0 20 0s 20
leeCs.Ectr c six 9 0 0 0 0 0 0 is

9lu Top& 0 3 1 0 13 1.93 1
Wlmd ~RecM 9 1 13 0 0 1. 93 13_ 0 1
IcCrylSa on10 10 0 10 0 Ci 00 0o to
Platform L.ayer Scores 10 10 1 13 05 06 0 0 190

Dnb reilon 9 - 9 0 O - 0 0
Wfoptn N Ra te 9 9 0 0 0 0 90

Visbiltym rlr20 9 19 0- 0 0 3. 18 a
20 1 9 9 0 0 Ii 0 20

20r 19 9 0 0 0 0 0 2

IcWaer CrsaSie 0 lB 17 1 0 0 0 0 0 1

W'averr lergI kra 19 39 9 0 0 0 00 91

Vva~e Pokd 0 a 3 0 0 a 9 1



TAB IX 3- 1 B
I I.ATlc )IIM CAPAII .ITY SCORES BY IAYEII FOR DEE] OCEAN

(PERATIONAL REQUIREMENTS

Platform Layer Capability
•__ 1 3 , 5 6

Acft of Oppor 0.44 0.19 0 0 0 0

Buo' 0.06 0.05 0.80 0.80 0.910 0.79

11or Sound Bal 0.46 0.29 0 0 0 0

Manned Buoy 0.87 0.84 0.90 0.89 0.95 0.95

Ocean Vessel 0.87 0. 81 0.90 0.88 0.94 0.94

1Recon Acft 0.66 0.44 0 0.06 0. 08 0

Satellites 0.47 0.33 0.20 0.05 0 0

Ship of Oppor 0.87 0.84 0.90 0.66 0.47 0

The layer weights bN used in this section are b1 = b6 = 0. 6, b2 = b3 = b4 = b5 :

1. * Parameters are all assumed to be of equal importance in all layers. Layer effec-

tiveness and weighted average effectiveness, computed from rable 32-1A for each of the

platforms, are given in Table 3-2. The scores in Table 3-2 represent the bisic effecn-

tiveness of the one platform type.

The computation of the layer effectiveness of a mix of platforms within an area A

involves the summation of independent capability scores, as indicated by Eq. (2-2).

The independent capabilities are determined in the following manner. In Table 3-1A

identify the platforms in the mix; within a layer select the platform with the highest

reliability. Compute the layer effectiveness of this platform lt the normal manner.

Next, subtract these capability scores parameter by parameter from the capability

r" ores of the platform with the next highest reliability. Compute the independent layer

effectIvensss of the second platform using the capability differences, ignoring any negative

values. Add tbis effectiveness to the first platform effectiveness. If there is a third

*These layer weights were provided by the NDBS DPO for this study. Othez
layer weights are discussed in Section 4.
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T AlA LiK,,-2 ) l

;)1EP (;& EAN A1. A L.\' EFECTIVEMYSS AND VEiGHTL.D
AVIi AGt1LVE "T ,.,''Sq._. FO EIGHT PLATFORMS

i ~~Deep Ocmean Operational\Vihe

Basic EffectivenessPlat< rm- . .... -Avg.
L'a-ei Laver Laver " ' \ r Layer Layer Effectiveness

I6
I 0/4

Buoy (.05 0.04 0,64 0. G'. i 0,64 0.63 0,45

,IZ, led Buoy 0. U, I u 0. 8 0. 4 0.91, 0. 90 0. 85
Oce1m Vessc '2 0.o0. C, o. go .90 S,9

Si 'tIe1Iites 0.36 1 25 0.15 0.0-1 0 0 0.1'2

Ior So d Bal O. 32 0 0 0 0 0'O

Acft of Oppor 0.42 0 18 0 0 0 0.OS

Ship of Oppoo 0.82 1 0 . C 0.86 0.63 o.45 0 0. 62

•econAeft 0.3 1 -1 0 0.07 ) 0.1I

plaIform in the mix, add the capebilicies of the first platform and the difference capa- )
bi Iues of the second piatform, parameter by parameter, and subtract the sum from

the parameter cabilities of the third platform. The independent layer effectiveness

of the third platform i'- computed from the resulting difference capabilities. This

ufic, tiveii." is added to the sum of the first two platforms. The process is repeated

tor all platforms in the inix. The resulting layer effectiveness, F in Eq. (2-2), can
n

ii ver excecd the value of Lhe 1g 'st relia.J)ilit' in the mix. Equation (2-1) is then

used to get thV system effectiveness over the are-j A, using the layer weights given

abovt. .

In many combinations of platforms, the platforms do not all cover the same geo-

-g'al)picaLI area. They tend to overlap in some areas and not in ethers. This results

in tLi- lormation of sevc-ral sub-mixes, cach with different combinations of platforms,

and each with its own areal coverage. An eliectiveness must be computed separately

for each sub-mix in the ma mer described above. The sub-mix effectiveness values

• Conputation of i!atform mix effectiveness is discussed in greater detail in

Appendix C.
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Lhen arcu smimlv added to kktain tiie total arc- >- integ rated Ofectivene!s-- Ul the

C1u111L._atvor of platfornis. Tlhe inix effectiveness ValL,'S given in this section are

the total aaiinteg rated values.

3. 2. 1 General Comparison of Typical Mlixes

The results of an analysis of several t- ,ical nLxes in the DeepD Ocean area are

shown in Ta~le 3-3 in order o;f hacreasing cost. The cost effectivene&s; ratic s of these

mix\es are given in Table 3-3 and graphically compared in Fig. 3-1.

Fron) Fig. 3-1, the system with the lowest cost effectiveness rat'o ('o cost

effectiveness ratio is desirable) is 150 buoys. The system with the greatest effective.-

ness :-150 mnanned buoys. Mix 4 -- 20 ocean vessels*, 100 ships of opportunity, and

10 reconnaissance aircraft (an observing system mix assumed lo be somewhat better

than the t'p.scnt" one) -- has a low effectiveness and the worst cost effectiveness ratio.

Adding 4 satellites to the "present" systemn (Mix 4) shows considerable improvemrent

(Mu\ o'). But the addition otf 137 buoys to Mix 5 doubles effectiveness and reduces the

N11x 5 cost effectiveness ratio by 40% (Mix 6). Excha- 7ing 10 buoys for 10 luar'ned

buoys (Mix 7) increases effectiveness, but also increases cost effectiveness ratio. The

addition of buoys to all rmixes results in an increase in effi-ctiveness and an improve-

ment in the -ost effectiveness ratio. The improvement i9 especially significant when

buoys are coribined with horizontal soulnding balloons, or satellites, or 100 ships of

opportunity, i. e. , Mixes 1., 2, and 3.

Table 3-3 gives further information about the mixes shown in Fig. 3-1. It in-

eludes areal coverage of the mix, ctst, und effectiveness in an atmiospheric layer

(Layer 2) and an ocean layer (4ayer 5). Of thL. systems listed, four are available for'

$200 million or less per ten years. They are the horizontal sounding balloons, -.teI-

lites, buoys, and ships of opportunity. The buoys have little effectiveness in meeting

atmospheric requirements; balloons and satellites are effective only in the atinos-

pnere; while the ships of opportunity are oapable of doing well in both the atmosphere

a, ' ocean (see Table 3-2), but are penalized b a low value for areal eovcirage.

Two-platform mixes ol buoys with satellites, buoys with balloons, and buoys

with ships of opportunity may be obtained for under $ '90 million per ten years. The

platforms in these i.. .es are complementary for the most part as indicated by the

* Thirteen ocean vessels are assumied to be on station.
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TABLE 2-3
ANALYSIS OF VARIOS PLATFORM MIXES IN THE DEEP OCA.N AREA

Effec- ,Effect. in fect. ini Area] Cost C!E I ,]
Platform x Ara Ctive- / Laver 2 Layer 5'Coverage 106) heS 119)i"ness ($10 (Atmos, ) (Ocean)

2500 HSB !00% 140 0.0755 1.854 0.20 0.00

4 SAT i 100 166 0. 124 1.334 0.25 0.00

150 B 100% 195 0. 464 0.429 0.04 0.64

i00 S0 22% 200 0.1361 018 0.1o

150 B, 2500 HSB 100%- 335 0.530 0. 632 0.24 0.04

150 B,4 SAT 100%r 61 0.53041 0.681 0.25 0.64

150 B, 100 SOO 10(A 395 I0.531 0.744 0.21 0.68

120 OV, 100 SOO, 10 RA 33% 820 0.216 3. 797 0.26

20 OV, 100 SOO, 10 PA 100% 986 0.302 3.270 0.4? 0.8

14 SAT, 60 AO0
137 B,20 OV, 100 SOO 1 100%k 1164 . 62? 1. 872 0.78 0.79

10 RA, 4 SAT, 60 AOO

127 B,!0 MB, 20 OV, 1009 !251 .5 1941 0.78 0.79
100 SOO, 10 RA,4 SAT

60 A00

150 MB 00% 1500 0.85 1.76 0.80 0.91

De fi niti ons:

HSB Horizwiaai Sounding Balloon

SAT Satellites

B Buoy

SO() Ship of Opportunity (2/3 are at sea)

0V s Oceanographic Vessel (2/3 of vessels are on station)

RA Reconnaissance Aircraft (1/2 of aircraft are iving)

AW() Aircraft of Opportunity (0. 8 of aircraft are flying)

MlP Ma.ned Buoy
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DEFINITIONS

Abbreviations mixes________

HSB Hor. Sound Bai 1 150 Buoys, 250C 'iSB
",00 Aeft of Oppor 2 =150 Buoys, 4 SAT
SAT =Satellites 3 -150 iBuays, 100 SOO
RA R~con Aircraft I4 20 OV, 10 W 00Y, 10 RA
B 13voy 5 20OV, 100 SOO, 10RA,
SOO SIApof Oppor ~j 4SAT, 60 A00
OV =Ocean. Ve se' 6 1371B, 20 OV, 100 SOO,
'SB M~anned Buoy 10 RA, 4 SAT, 60 AOO

7 =127 B, 20 OV. 100 SWG,

______ JL~ 10 RA, 4SAT, 60 AOO 1

2A4.0 M iX4

>.. Ad S.560AO

Mix 5

110 Manned Buoyst
2.3 5Rp e1 Boswt

/ 150

2.0 2)500 Manned

lis~ 1 0 S O Om j_ 6 M x 7C o n sta n t C o st
1.5 Curves-,

$1400 x 10 6

$1000 x 10
Sat iltes Mi

t j $ 600 X 1o6

0.1 0.2 0, 0.4 0.5~ 0, ( 0. ? 0.8 0.9 1.0

Effectivones&,

pig. 3-1, Comparison of Cost Effectvenrwss Ratio,% for 1?,atforins and Pl1atform

Mtxes in the [Deep Occan Area



atmosphere and uccan effectiveness scores; however, the atmospieii. effectiveness is

still low compared with the o e'-n effectiveness.

To obain a balanced, high effectiveness in both atmosphere and ocean it is

necessary to spend over ,)l OC million per ten years. The highest balanced effective-

ness is obtained with full coverage by manned buoys at a cost of $1500 Willion.

Thus it is seen that a respectable effectiveness in the ocean may be obtained

rather inexpensively with buoys. Obtaining a similar effectiveness in the atmosphere,

however, is quite expi'nsive. It appears that, exclusive of an all-manned buoy system,

any mix would, of necessity, contain a large unmanned buoy component. The remainder

of the mix would depend upon how much money one is willing to spend for the atmos-

pheric observations.

3.2.2 Comparison of Var-ous Buoy-Manned Buoy MLxeb

Assuming Lhat buoys will be an essent:.al part c,' a data gathering system, it

remains to determine the best platform or phatforms to be used with bu-'ys to provide

whatever degree of atmospheric efUctiveness is desired, Toward this end, detailed

analyses of buoy-manned buoy n:mixes and buey -ships of opportunity mixes have been

made, The former analyses are discussed in tbhi ction and the latier, in the next

section.

Th- analysis of a large range of buoy-manned buoy mixes is given on a cost

effectiveness ratio versus effectiveness diagram in Fig. 3-2. The basic assum-tion

,n these mixes is that buoys and manned buoys are never placed at the same location.

Three curves are shown which indicate mLxes that provide 1/3, 2/3 and 3/3 areal

coverage, respectively, Each curve has a system oi all buoys on one end and all

manned buoys on the other end. Three other curves labelled 1, 1I, Ill, indicate the

buoy-manned buoy mixes available for $200 million, $600 million, and $1000 million,

respectively.

The constant cost curves I, II I[ sho% that the replacement of buoys with

manned buoys results in a decrease of effectivewsr ,and an increase in the cost effec-

tiveness ratio. Nii constant areal coverage curves show that replacement of buoys

with manned buoys results in an increase of both offectiveness and cost effectiveness

ratio. The increase in effectiveness is of course accompanied by an increase in cost.
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0 u.1 0.2 0.3 0,4 0.5 0.6 0.7 0.8 0.9 1.0

Effectiveness

Fig. 3-2. Cost Effectiveness Ratio Comparisons of Various
Bu-y-Manned Buuy Mixes in the Deet. cean Area

To -- ,ow the effectiveness of the various buoy-manned buoy mixes in the atmos-

phere and ocean, the mixes of Fig. 3-2 have been pre-ented on a Layer 5 versus

La'-er 2 effectiveness diagram in Fizg 3-3. This digram shows that aiy n.Ix with a

large percentage of buoys results in poor atmospheiic effectiveness. To obtain at

least 0. 5 effectiveness in both layers requires a mix on constant curve III representing
6

a ten year cost of $1000 x 10 . To obtain the ['-oper mix of buoys and manned buoys

one must specify the minimum acceptable atmospheric effectivenes .esired. Bssing

the choice of a mix on coc;t ef t.tiveness ratio alone would in ritably result J,- a very

low atmosoheric effectiveness.
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3.2.3 Comparison of Var'ous Buoy--Ship of Opportunity AML<-s

Since buoys are fixed li location and ships of opportunity iaTove around on ttb:er

own schedules and in mnore or less fixed stippili lantes. We at,(- obliged to ailow sunic

variability in the areal coverage capability of % given number of :hips and the degroe

of overlap Ia.-,,al e-verage between buoys an. ships. Theso- fators are considered

in the next fe% diagi-ams which show the analysis ro sultz. of various buoy-ships of

opportunity mixes.

Fig. 1.-4 shows two curves relating number of sh ips to realizable areal co' t'ragc.

1hi curve i rkeo "normra?" is our best est-inate of ivha the relationship should be.

The 0 -(- ,arkc "'Li is what %we believe to be -.-i optimistic estimate cit V! re L,

tV, -ship. in thc following diagra-ms, the curve. znarkedf I and Ml utilized the nor.,al

a:, -,al c(-erag(. curve while the curves marked 1 and 1V utilized Oie hvigh roal

Cove' ;eC (II'Ve.

400 1-/
-Y 300 /

200 /

100 A

0 0. 1 0. .a o ~o .0 .7 . &.9 .

Fractional Areal ( veiage

1ig~ . Assu ie d Relationships Between Areal C-verage and Number
of Ships of (Opox.rtur~ty in the Deep Ocean Area
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Tlhe buoy'-ships of opportunitv mixes may be cornsllered in a slightly different

way. Suppose, to -,ave money, -we remove buoy:! in direct ratio to the area-l coverage

of th ships of oppor-tunity. That is, if the areal coverage of 6hips of opportunity is

20 then remove buoys from- 20ui of the area. Furthermore, supl-wse that the ships

aiwa- s remain in the area vacated by the buoys, thus maintaining 160" areal coverage

over.i the oceaip. The mixes undcr these conditions for both the normal and high ireal

coverageu twos f~r ships of' opportunity are shown in Fig. 3-7. A comparison of the

results with these of Fig. 3-5 show's the net result of saving money by removing buoys

is a genera, reduction of effectiveness for all mixes.

Thc buoy- ships of oppor-tunity mixes ma,, be forined in a third way. Assume

that the ships always overlap buoys and that the regions vacated by buoys are free of

all platforms. This is the opposite extreme to the second method. The result of this

method is anl even greater loss of effectivc.ness.

3. 1 111 Normal S( k) -Area Curve

2 IV High SO(I-Arca Curve
3 No buoys- depl)oN in SvxK) Area

LI. Areal_(coverage assumed to be tL

wl iliol
-~~ 2.o ;SOOc~s

7 b Buoy-$

117 7w BuysO(
14)0lo SOO Bd

m)0 S(.)

o u. o3 u . 4 o ~. 7 9.~U ~1

Fig, 3.-7. Cost Fffecti t'ness JRat.o Comparisons for Various
Bu1oy -St0 Mixes
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Simp!e cqu:_tions 'or ti~e effectivness of ,ach o! the thre,, methods of comhiing

buoys and ships of oppor imty arc easily dcrivabE :. In the i'rst method we gave 100'

areal cover, ge with buoys and coverage with ships. 1-t E, bc the platform cifec-

tiveness foi buoy s and EB , the effectivcness tor a buoy-ship of opportunity mix.

Thus the system effectiv-nt ss for the first method is

E:7 (Il-S) : B  ' SEB C)

E1  F -S(E -

F B S (E Bs E B)

for the second method, the system effectiveness is

F (-S) B  SE
2B S

where E, is the platform effectiveness for ships 't opportunity - This becows

Y . F S q - E '.- L

For the third met'od.

I (1-2S) E' S E or

F, } , (F - 2. 1.
3 B . .. -;

If we substitute th, values

E .i, S  0.6 and V e. SO

wc get

i:l 0.-45 - ', i S

', 0.43 0.17 S

F-:., O. 45 - S., I

The wctual effect IClies> ,i a mn ix in .ich buovs art, remoed as ships are ad(i-d

, OuId lit someniweh' bet t. tihe ext remcs rrpresented bY Y., i d F,.

Sitice thu ships ,of op|jxrtunitv provide ots rvatlons in the Coastal North America

area as we!l as in the Deep ocean, kt- should considter the eftect un tht. Lna,,sts

sharing the cost of orx4 ,:ati ri the ships between the t o requlrenwnt sets. Iascd ,on
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the amouw.t of time the ships are in each area, we have recomputed the previous re-

sults charging the Deep Ocean requirements with 87/% of the total ship operating

costs. The results are shown in Fig. 3-8. This process does not change effective-

ness but does lower the cost effectiveness ratio by a small amount.

3. 2. 4 Comparison of Manned Buoys with Ships of C artunity When Mixed
with Buoys to Give 100 Percent Ocean Areal Coverage

We may now ask whether manned buoys or ships of opportunity result in a more

effective mix when combined with buoys to give 100% ocean coverage.

In Fig. 3-9 are shown the syste, -rectiveness values of two sets of mixea.

One set costs about $600 million per ten years and the other, about $1 billion per ten

years. In each set there is a curve for ship of opportunity mixes available at the given

cost (assuming different areal coverage capabilities as given by points I and L' id

manned buoy mixes also available at that cost. The data for this figure were extracted

from Fig. 3-2 and Fig. 3-5. Fig. 3-9 shows that manned buoys and ships of oppor-

tunity are capable of producing about the same system effectiveness at both cost

levels. If the ships of opportunity are restricted to the normal areal coverage (point I),

the manned buoys have a slight advantage.

The atmosphere and ocean effectiveness values of the same two sets of mixes

are shown in Fig. 3-10. The data for this figure were taken from Figs. 3-3 and 3-6.

At $600 million, the ships of opportunity and manned buoys are equally effective when

ships of opportunity are considered according to the normal areal coverage curve.

At $1 billion the manned buoys are more effective under the same consideration.

Since the analysis shows manned buoys and ships of opportunity to be so closely

matched, it appears that the decision to pick one or the other should depend on factors

not yet considered; for example, the availability of crews for manned buoys, the effect

of cost sharing with the Coastal North America area, and a more comprehensive

evaluation of the areal coverage capability of a given numb,: of ships of opportunity.

3.3 Coastal North America Area

The Coastal North America area comprises a band 400 miles wide adjacent to

the coast of North America including Alaska. The composite requirements for this

area are for data every three hours in the ocean, every 6 hours in the atmosphere,
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Fig. 3-9. Comparison Cost Effectiveness Ratios of Manmed Buoys and Ships of
Opportunity Mixed with Buoys to Give 100% Ocean Areal Coverage
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1.0 Note: Data taken from Figs. 3-3, 3-61

0.8 103B
47MB II Cost

0.6 SOO = $595 x 106
6

_ MB =,600 x 1o0
tlMB

S 0.4 MB
60MB

0.2

i 1 1 I I I I I I

0 0.2 0.4 0.6 0.8 1.0

Layer 2 Effectiveness
(Atmosphere)

1.0
57B
93MB

u' 0.8

I Cost

0.6 - SOO = $1195 x 10

100MB MB6O~loo MB $1000 X 106

S0.4_

0.2

I I I I I I I I I

0 0.2 0.4 0.6 0.8 1.0

Layer 2 Effectiveness
(Atmosphere)

Fig. 3-10. Comparison of Effectivenesm of Manned Buoys and Ships of
OpportuAnity Mixed with Buoys in the Deep Ocean Area
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from the ocean bottom up through most of the atmosphere, on a grid mesh averaging

about 100 n mi betwn grid points. The specified grid requires data at 350 points for

full horizontal coverage (see Fig. 2-1).

The individual platform capability scores for the Coastal North America area

are given in Tables 3-4a and 3-4b (see Section 2.4. 1. 1 Capability) by parameter for

each of the six layers and by layer respectively. The method for computing layer

effectiveness and total areal-integrated effectiveness of a mix of platform is given

in Section 3.2. These effectiveness values for single platforms are given in Table

3-5.

3.3. 1 General Comparison of Typical Mixes

The results of an analysis of several typical mixes in the Coastal North

Amer-'a area are shown in Table 3-6 in order of increasing cost. The same mixes

are plotted on a cost effectiveness ratio versus effectiveness diagram in Fig. 3-11.

From Fig. 3-11, the system with the lowest cost effectiveness ratio is one

comprised of 350 buoys. A system of 350 manned buo:s was not included in this group,

since it is not a logical system for this requirement set. It would undoubtedly produce

the highest effectiveness score. Certain platforms--horizontal sounding balloons,

ships of opportunity, and satellites--all fare poorly when considered alone, but become

more attractive when teamed with buoys. The mix of 60 aircraft of opportunity, 10

reconnaissance aircraft, and 4 satellites, a sample non-buoy mix, has a low effective-

nes& and high cost effectiveness ratio.

The effect of sharing cost of the various platfo'-ms in the mixes is indicated in

Fig. 3-11. In most cases there is a marked improvement in cost effectiveness ratio

although, of course, the effectiveness does not change. The cost sharing criteria are

shown in Table 3-7 and are based essentially on the relative amount of time a plat-

form spends taking cbservati~ns a one or the other of the two areas.

Table 3-6 gives further information about the mixes shown in Fig. 3-11. It

includes areal coverage of the mix, cost, and effectiveness in an atmospheric layer

(Layer 2) and an ocean layer (Layer 5). Four systems are available for $350 million

or less, all single platform systems. Of these only the buoys have an appreciable

capability in the ocean and only the satellites, in the atmosphere. Nona of the

mixes shown in Table 3-6 provides a balanced capability in both ocean and atmosphere.
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TABLE 3-4A
PLATFORM CAPABILIJTY SCORES BY PARAMETER FOR THE

COASTAL NORTH AMERICA AREA

0 It_ I0u 9 1 6 1

A~r P~wmrUe 0 19 19 1 13 9 19 16 1
Wi pfa 0 19 is 13 9 163 TF

Wbdad 0 19 19 0 13 9 1s 0 19
P"f"0 19! 19_ i9s 9 to 16 19

Clow Mato 10 10 1o 10 0- 1- 0  10 10 10

2 O ::incwkm _0 134 u 0. 66 10 134 0

2 ind 1we 32 1 0 0 12
Dowpot 2 20 201-0 0-

a&6t 1

Pldm6 ~ cra 1 36 1 o 5 0 U

1660AUM 9 1 0 0 0 0 08



TABLE 3-4B
PLATFORM CAPABILTY SCORES BY LAYER FOR COASTAL

NORTH AMERICA OPERATIONAL REQUIREMENTS

Layer Capabilities ____
Platform 1 2 3 4 5 6

Acft of Oppor 0.52 0.07 0 0 0 0

Buoy 0.10 0.07 0.89 0.80 0.80 0.79

Hor Sound Bal 0. 62 0.41 0 0 0 0

M anned Buoy 1 00 1 00 1 00 0 89 0 95 0 95

Ocean Vessel 1.00 1.00 1.00 0.8.4 0.94 0.94

Recon Acft 0.70 0.43 0 0.06 0.08 0

Satellite 0.46 0.37 0.22 0.05 0 0

*pof Oppor 1.00 1.00 1.00 0.66 0.470

3.3.2 Comparison o, Variour Buoy-Manned BUOY Mixes

Again assuming that buoys wil be an essentlal part of a national marine data

gathering uystewm because of their low,.ost effectiveness ratio and high ooea effective-

nose, we next attempt to establish the best platform or platforms to augment the buoyse,

especially for increasing the atmospheric effectivenosa. To complete the analysis

started in the Deep Ocean area, it is spin chosen to analyse buoy-manned buoy mixes

and buoy-ship of qpportuaity mixes. The former antlyses are discussed in this sNc-

tics and the lUtter, in the next.

in the analynis of buoy-nmned buoy mixes, the effoot of varyisg the stmospheric

data density requirement was expl1ored. f~1g. 3-12 shows the result of this anaysis. in

all the computations a standard pId mesh of 100 n m.1 was used for the ocean layers

data density requirement. There are 350 grid points that must be sampled on WbA

grid. Three different grid meshes were used as the standard In the atmopheric

Layers 1 and 2. They are a 200 ii mi grid with a requiremext of P~ grid points for 100%

49



TABLE 3-5
COASTAL NORTI! AMERICA AREA LAYER EFFECTIVENESS AND WEIGHTED

AVERAGE EFFECTIVENESS FOR EIGHT PLATFORMS

EFFECTIVENESS
I

Layer Layer Layer Layer Layer Layer Weighted
Platform1 2 3 4 5 6 Avg.

Effectiveness

Buoy 0.08 0.06 0.71 0.64 0.64 0.63 0.48

Manned Buoy (. 95 0.95 0.95 0.85 0.90 0.90 0.92

Ocean Vessel 0.95 0.95 0.95 0.85 0.89 0.89 0.91

Satellite 0.35 0.28 0.17 0.04 0 0 0.13

Hor. Sound Bal 0.43 0.29 0 0 0 0 0.11

Acf of Oppor 0.49 0.07 0 0 0 0 0.07

Ship of Oppor 0.95 U.95 0.95 0.63 0.45 0 0,68

Recon Acft 0.67 0.41 0 0.06 0.07 0 0.18

areal coverage, a 280 n mi grid with 44 required points, and a 400 n ml grid with 22

required points. For the 200 n mi grid, three mixes were analyzed; one with 88

manned buoys and 262 buoys, giving 100% areal coverage in both the atmosphere and

ocean; another with 44 manned buoys and 306 buoys, giving 50% areal coverage in the

atmosphere and 100% areal coverage in the ocean; and the last witn 22 manned buoys

and 328 buoys, giving 25% coverage in the atmosphere and 100% in the ocean.

For the 280 n ml grid, two mixes were analyzed; one with 44 manned buoys and

306 buoys, &,ving 100% areal coverage in both tho atmosphere and ocean; and the

other with 22 manned buoys and 328 buoys, giving 50% atmospheric coverage and 100%

ocean coverage.

For the 400 n ml grid, one mix was analy.d. It contains 22 manned buoys and

328 buoys to give 100% coverage in both the atmosphere and ocean.

In Fig. 3-12 the constant areal coverage lines are indicated as well as the con-

stant manned buoy lines and conatant grtd mesh lines.
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TABLE 3-6
ANALYSIS OF VARIOUS PLATFORM MIXES FOR

THE COASTAL NORTH AMERICA AREA

Areal Cost C/E Effect. in Effect. in
Platform Mix Coverage ($x06) Effectiveness ($x109) Layer 2 Layer 5

(Atmos.) (Ocean)

2500 HSB 4% 140 0.0042 33.0 0.01 0.0

4 SAT 100% 166 0.1321 1.28 0.28 0.0

100 SO0 3% 200 0.0204 9.80 0,03 0.01

350 Buoys 100% 350 0.476 0.73 0.06 0.64

350 Buoys
2500 HSi3 100% 490 0.480 1.021 0.07 0.64

350 Buoys
4 SAT 100% 516 0.549 0.939 0.28 0.64

350 Buoys
100 SOO 100% 550 0.492 1.119 0.10 G 65

30 AOO, 100 SO0
10 RA. 4 SA r 100% 576 0. 151 3.8i5 0.30 0..01

Note:

HSB = Horizontal Sounding Balluen
SAT = Satellite
SO Ship oi Opportunity
AOO Aircraft of Opportunity
RA = Recounaissance Aircralt

Fig. 3-12 permits an easy josessment of the impact of changes in funding (the

constant buoy lines are also comstant cost lines) and changes in the atmospheric data

density requirements, two Important factors which at prese are not firmly

established.

The effect of the mixes shown in FIg. 3-12 on the effectivenes in Layers 2 an

5 is given in Fig. 3-13. Ai would bo expected there is little chage in the Layer 5

(ooean) effectiveness over the rane of mixes sinoe both buoys and manned buoys Eu

well in the ocean and the coverage there is 100%.
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Fig. 3-11. VartAtia in Cost Effectivenase Ratios for Platform Nftee in te
Coastal North America Area Due to Cost Sharing
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I
TABLE ' 7

PERCENTAGE OF TOTAL PLATFORM COST CHARGED TO
DEEP OCEAN AND COASTAL NORrH AMERICA AREAS

FOR COST SHARING COMPUTATIONS

Coastal
Platform North DeepAmerica Ocean

Ship of Opportunity 13% 87%
Aircraft of Opportunity 13% 87%

Horiz. Sound. Balloons 8. 5% 91. 5%

Satellites 8.5% 91.5"

Reconnaissance Aircraft 1 9 81 %

Buoys i00, 100%
Manned Buoys 100% 100%

Ocean Vessels 100% 1 00%

The Layer 2 effectiveness (atmosphere), however, varies over a wide range,

depending only upon the assumed areal coverage of a given mix In the atmosphere

which, of cou Ise, is directly reLated to the assumed atmospheric grid mnesh. For a

fixed cost mx, the selection af atrmospteric grid is thus seen to exert a profound

inflJence on the Layer 2 effectiveness.

3.3.3 Comparison of Various Buoy-Ship of Opportunity Mixes

In the Coastal North America area, the analysis of buoy-ship of opportunityI

mixes ev 1wtted the effect of different areal coverage capabilities for the ships, coat

sharing of ships with the Deep Ocean area, 2Md changes in the atmospheric data den--

sity requir qnjezts.

The normal and high areal coverage ckrves for ships of opportunity with respect

to a 100 n ri grid requirement for atmcpbeic da&a are r'Xo a in Fig. 3-14. A pro-

cedure similar to the one ,ed in Fig. , -5 was emiployed to construct and analyre

mixes utilizing these curves. The r-cuits of Cms alysis are shown in Fig. 1-15.

The mixes comprise 35' buoys wod 100 pobl 1), 200 (pot 2). and 500 (poit 3) ships

of opportunity, ree-,ectively. Curve I ui the normal areal coverage and Curve 3f,

the high areal coverage. Because the area] coverage Is generally law, Curves I and
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Fig. 3-13. Layer 5 Effectiveness Versus Layer 2 Effectiveness for the Buoy-

Manned Buoy Mixes Shown In Fig. 3-12
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Fig. 3-14. Assumed Relationships Between Areal Coverage and Number of Ships of
Opportunity in the Coastal North America Area (100 n mi Grid)
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Fig. 3-15. Comparison c Cost Effectiveness Ratios of Various Buoy-SOO Mixes

in the Coastal North America Area (100 n mi Grid)
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II

II do not differ by much. The cost effectiveness ratio is seen to rise sharply with the

addition of s., ps of opportunity, with only a marginal increase in effectiveness. When t

the cost of the ships is shared with the Deep Ocean at 13% of the total cost, however,

the cost effectiveness approaches that of buoys aione.

To show the effect of the mixes shown in Fig. 3-15 in the ocean and atmosphere,

they are presented in Fig. 3-16 on a Layer 5 effectiveness versus Layer 2 effective-

ness diagram. The atmospheric effectiveness is seen to be quite low and the addition

of ships of opportunity causes only small changes L loth the ocean and atmosphere.

As in the Deep Ocean area (Fig. 3-7), mixes of buoys and ships of opportunity

were analyzed, in which buoys were removed in proportion to the areal coverage of

the ships, under the assumption that the ships always occuple the areas vacated by

the buoys. The resmIts of this analysis are shown in Fig. 3-17. This process results

in a small net loss of effectiveness. The effect of cost sharing the ships (at 13% of

total cost) with the Deep Ocean area is about the bame as shown for the mixes in

Fig. 3-15.

To test the effect of various data density requirements in atmospheric Layers 1

and 2, the ship-of-opportunity, .real-coverage curves for 100, 200, 280, and 400 nmi

grids shown in Fig. 3-18 were constructed.

The analysis of several buoy-ship of opportunity mixes with variable atmos-

pheric grid requirements is shown in Fig. 3-19. In all mixes, 100% ocean coverage

is supplied by 350 buoys. With the buoys are mixed 100, 200, and 500 ships of oppor-

tunity respectively, to provido three points for each constant grid mesh curve. The

100 n mi grid m~sh cur ve is identical to curve I in Fig. 3-15. It is seen that Increas-

ing the grid mesh in the atmosphere does improve the cost effectiveness ratio and the

effectiveness, but only by small amounts. The effectiveness scale has been enlarged

to show the values more clearly. The lack of more pronounced changes is due to the

relatively low areal coverage attainable by ships of opportunity.

The analysis of the mixes in Fig. 3-19, when the ships are cost shared with the

Deep Ocean ar'ea (at 13% of total ship cost), is given in Fig. 3-20. Here the cost-

effectiveness ratio assumes an almost-constant, relatively low value. The mix effec-

tiveness values, of course, do not change in cost sharing.
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Mixes Shown in Fig. 3-15
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Fig. 3-19. Comparison of Cost Effectiveness Ratios of Various Buoy-SOO Mixes

in the Coastal North America Area for Variable Atmospheric Grid
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Fig. 3-20. Comparison of Cost Effectiveness Ratios of Various Buoy-SOO Mixes

in the Coastal North America Area for Variable Atmospheric Grid

Spacing Requirements and Cost Sharing

60



The resulting atmospheric and ocean effectiveness values for the mixes given in

Fig. 3-19 are shown in Fig. 3-21. The atmospheric effectiveness, even for the most

favorable mix and grid mesh, is seen to be relatively low, while the ocean effective-

ness is not much greater than that attainable by buoys alone.

3.3.4 Comparison of Manned Buoys versus Ships of Opportunity wher Mixed

with Buoys to Give 100 Percent Ocean Coverage

The question of which platform should be teamed with buoys in the Coastal North

America area - manned buoys or ships of opportunity - is considered in this section.

In Figs. 3-22 through 3-24 are comparisons of cost effectiveness ratios of the

two types of mixes for grid meshes of 200, 280, and 400 n mi. These results have

been taken from Fig. 3-12 and Fig. 3-19.

For the 200 n mi grid, the two types of mixes are competitive only for the

lowest cost mixes in each type. As the cost of the mix is increased the buoy-manned

buoy mixes are far superior. The buoy-ship of opportunity mixes attain a low cost

effectiveness ratio when the cost of the ships is shared with the Deep Ocean area;

however, their effectiveness is far below the best buoy-manned buoy mix.

As the grid mesh is increased the superiority of the buoy-manned buoy mixes

increases (see Fig. 3-23 and g. 3-24).

Similar results are obtained on a Layer 5 versus Layer 2 effectiveness compari-

son, shown in Figs. 3-25 through 3-27.

For a given amount of money, the buoy-manned buoy mixzes always produce a

higher atmospheric effectiveness. The difference in efcCtiveness increases as the

grid mesh increases.

I

61



Definitions

o 100 NMiGrid 1 100 SO; 350 Buoys
+ 200NMiGrid 2 = 200 SOO; 350 Buoys

S=280 N Mi Grid 3 500 SO0; 350 Buoys

0 400 N Mi Grid

0.70-

0.68 1 20+ 3

--C.66- 0o 0 33
0. 0.64 -+
P 1 21 3

0-0P.62 -1 2

~ 0.60 , I I I A

0 0.02 0.06 0.10 0.14 0.18 0.22 0.26 0.30

Layer 2 Effectiveness (Atmosphere)

Fig. 3-21. Layer 5 Effectiveness Versus Layer 2 Effectiveness for the Buoy-SGO

Mixes Shown in Fig. 3-19

3.04
1 00 , 340 "s 3
3.300 9W, 3 6 ~we S

3 3W W.V. No Cost0
4 .22 k.9 3 2S W*9hy 4

3 44 Sharin3g --. .4[I2 "_______-___By M,

3.0 6*1M D.is 6f.o. 4

Buo -800 ixes]

C~m

2.5 3

t 1No Cost
2.0 Sharing-...

2.02

i Buoy-Manned Buoy Mixesl

1.5-2

.0 I
U. 0. 0.1. . . . . . .

62



i 3.0
30Buoy-SOO MixUes a

I (Cost

2 5 -3Definftlons (S X IOE

0 1 100 S(X); 350 Buoys 550
NoCst j2 200 SOC. 350 Buoys 750

as No Cost 3 500 SOO; 350 Buoys 1350
Z 2.0 Sharing I 4 22 M. Buoyt: 32P PBuoys 548

2w o 5 44 M. Buoys, 306 f' ys 748

Buoy-Manned Buoy Mix-s

1 410 -5

Cost Shared
0.5 With Deep Ocean

At 13% Total SOO Coet
I I I I t i I

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Effectiveness
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Definitions Unshared Cost ($ x 10)

1 100 SOO; 350 Buoys 550

2 200 SOO; 350 Buoys .50

3 300 SOO; 350 Buoys 1350

4 22 M. Buoys; 328 Buoys 548

5 44 M. Buoys- 306 Buoys 746

1.0 6 88 M. Buoys- 262 Buoys 1142

0. 9

0.8 -Buoy-SOO Mixes Buoy-Manned Buoy Mixes

0.7 3 5 - 6

1 -  4

C 0.6

S 0.5

& 0.4

0.3

0. 2

0. 1

0 0.1 0.2 10.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Layer 2 Effectiveness
(Atm s phere)

Fig. 3-25. A Layer 5 Effectiveness Versus Layer 2 Effectiveness Comparison of

Buoy-Manned truoy Mixes with Bu) -Ship of Oportunity Mixes
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Fig. 3-27. A Laye: 5 Effectiveness Versus Layer 2 Effectiveness Comparison
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4.0 ANALYSIS OF EFFECTS OF PARAMETER AND LAYER WEIGHTS

4.-1 Background

In the previous sections of this report, all required parameters have been as--

sumed to be of equal importance. The relative importance of the six layers thus far

was defined by the NDBS DPO to be the following: Layers 1 and 6 - 0. 6; Layers

2, 3, 4, 5 = 1. 0. Throughout the course of this work, however, it was recognized by

both the NDBS DPO and TRC that it would be desirable to incorporate in the cost

effectiveness model the ability to accommodate relative importance weights for al, he

layers and tl:; parameters required within each layer. Furthermore, it w,s deemed

desirable to solicit relative importance weightings from U.S. Government Agencies

with stated requirements for marine atmospheric and oceanographic data.

The NDBS DPO, assisted by TRC, solicited the relative importance of stated

requirements for parameters and observing levels from four agencies with exten-

sive operaticnal requirements: Bureau of Commercial Fisheries (BCF), Environ-

mental Science Services Administration (ESSA), U.S. Navy (USN), !nd U.S. Coast

Guard (USCG). The solicited information was collected as a parallel part of the 1968

TRC effort to determine the applicability of NDBS to refined national requirements for

marine meteorological and oceanographic data [7). The information became available

too late to be incorporatd in the previous sections of this report.

Recognizing the importance of this collected data, the NDBS DPO requested

that TRC conduct a selected set of calculations with the new data, to form a comparison

with the work done in Section 3 for Figs. 3-1 and 1-11. In brief, the NDBS DPO

sought an answer for the question: "What is the sensitivity of cost effectiveness re-

sults to the incorporation of agency-supplied relative importance weightings of

parameter and layers ?" The answer to the question is "The cost effectiveness results

are relatively insensitive to parameter and layer relative importance weighting pro-

vided by agencies." The remainder of this section is devoted to substantiating that

answer.

4.2 Solicitation of Parameter and Layer Relative Importance Weights

Each of the four agencies -- BCF, ESSA, USN, USCG, -- was requested to

rate, in relation to the performance of its operational missions, 50 required
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parameters distributed throughout the seven vertical 'ayers (Table 2-1).* Some

parameters appeared in more than one layer. The 50 operational parameters**

selected for this purpose had been previously required by at least one of the four

primary agencies and were judged to have the potential of general applicability for

agency operational missions. The rating criteria for estimating relative importance

are presented in Table 4-1.

TABLE 4-1
CRITERIA FOR ESTIMATING RELATIVE VALUES

OF PARAMETERS AND LAYERS

Criteria Value

Must have to satisfy missions 5, 4***

Important to satisfy missions 3, 2***

Useful to satisfy missions I

Of no value to satisfy missions 0

Two ratings were requested, one for those missions principally oriented to-

ward atmospheric parameters and the other for those missions oriented toward

oceanic parameters; however, the responding agencies preferred to make only one

combined rating for all missions. Furthermore, each agency stated that the ratings

were tentative and subject to change.

Table 4-2 contains tabulations of the four agencies' estimates of relative values

of parameters and layers. The table shows the sum of all parameter relative values

*Although Layer 7 (bottom) relative importance values appear in Table 4-3,

they were not used in the Section 3 or Section 4 computations, because they do not
npply to operational requirements.

**Certain "parameters" used in this cost effectiveness analysis, such as bio-
logical factors and chemical factors, were more specifically delineated in the list of
parameters sc to the agencies. The collected results were averaged to provide
relative imporace weights for the lists of paramete 1 given in Tables 2-2 and 2-3.
This was done to afford consistency with previous results. Future cost-effectiveness
studies should be made with an expanded number of chemical and biological param-
etere -ow that more specific information is available.

***The two numbers allow for a minor gradation of value.
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TABLE 4-2
PARAMETER AND) OBSERVING LAYER RELATIVE VALUES (Continued)
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(maximum possible score of L, and also the products of parameter and layer relative

values for each agency and the sum of products for all four agencies (possible maxi-

mum score of 100). In addition, Table 4-2 shows by agencies which parameters were

estimated as "Must Have to Sati fy Missions" in each layer. Clearly, certain param-

eters and certain layers have been judged more important by the agencies. The

distribution of agency "Musts" is illustrated by Table 4-3 which shows for each layer

the total number of parameters that are a "Must" for at least one, two, three, and

four agencies. There is little question that the folir agencies consider La,'rs 3, 4,

and 5 to be the ones most important for the collection of marine data. Layers 2 and

7 are next in line, with Layers 1 and 6 last in this crude ranking. *

TABLE 4-3
DISTRIBUTION OF "MUST HAVE" PARAMETERS

Total No. of
Total No. of Parameters that are

Layer Parameters a "Must" for at least
in Layers 1 2 3 4

Agency Agencies Agencies Agencies

1 11 10

2 12 9 4

3 14 13 8 6 5

4 26 16 10 8 5

5 23 11 6 5 3

6 18 7[7 18___ _ __ ___ __7_ _ _

7 23 11 5

*Using Table 4-3 as evidence of the "popularity" of layers could lead to unfortu-

nate consequences. For example, certain data products prepared by ESSA are based
on upper air measurements to at least 100,000 feet, and ESSA has indicated that
upper air measurements are a "must" in I ayer 1. Thus, to provide data for important
ESSA data products, data collection from Layer I would be required, even though
Table 4-3 might be construed to suggest that the relative importance of Layer i is
small. This difficulty of interpretation could be alleviated by including an additional
weighting factor for relative worth to the nation of the missions Involved. Of course,
it may be difficult to find an acceptable source for such information.
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Considering both layer and parameter weights, the agencies could categorize a

parameter within a layer in :,ie of 10 categories, is shown in Table 4-4. The table

also shows th- distribution of the layer-parameter-agency elements of the matrix ot

agency scores in Table 4-2. The data from Table 4-4 are plotted in Fig. 4-1 to show

more clearly the distribution. It is obvious from Fig. 4-1 that all four agencies con-

sidered Layers 3, 4, and 5 of prime importance. It is also evident that, in toal,

more parameters (142) were scored "Must" in layers also considered "Must," t.-in

any other possible categorization. However, the next highest number of parameters

in layers scored (114) was in the "Of No Value" category. This is followed in order

by the categories of "Important" (81) and "Useful" (59) in Layers scored "Must". Of

the 508 possible scores, 44% are "Must" or "Important" parameters in "Must" layers,

and 7.3% are "Must" or "Important" parameters in "Important" layers. Of the total

possible scores, 22. 4% are parameters "Of No Value" to some agency.

Table 4-5 lists 35 parameters defined to be "Must" in a "Must" layer. The

table also shows 20 of these parameters were judged measurable by unmanned data

buoys for 'his cost effectiveness study. *

4.3 Cost Effectiveness Results

The agency-provided layer and parameter relative importance veightings were

normalized (i.e., the weighting range was converted to 0, 1) and applied to the same

eight platform capability scores that provided the basis for the cost effectiveness re-

sults in Section 3 (see Appendix A). Also, reliability, values, costs, platform mixes,

and areal coverages identical to those of Section 3 were used both for DO and CNA

requirements. In addition to the layer and parameter weights provided by the four

agencies, an average** of the weights from the four agencies was computed. Thus,

*As NDBS development plans become firm, it is possible that other parameters

(and other layers) will be included within the buoy's capability. A conservative posi-

tion has been taken in this cost effectiveness study, and only those parameters tor

which a high probability of measurement capability exists have been given non-zero

scores in the buoy capability matrix (Table A-2).

**Throughout this section, "average" refers to the results obtained using layer

and parameter weightings that are the averages of the agency provided values. In no

case has the arithmetical average of the 4 agencies' effectiveneas values been com-

puted or used.
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TABLE 4-4
CATECORIZATION OF PARAMEI ER AND LAYER WEIGHTS BY FOUR AGENCIES

Numtwr of PararmeterA SLoreM h, Catfgo. 3

Layer Cstegory

LaRver I*Ia mportant Uqefui
N. Tota

Parameter Cfl~gor Pirmeter Category Parameter Caregors Valutc

M Im ort t Mu I prrt. t' efu Must I rport. t'efuI4

l 0 !5 2 J 72 7 / '2 I 44

2 13 2

3 32f 10

4 39 2 11 10)4

291 2 9

7 1 2 4 17 10 3 7-

Total 142 1 59 _ ', _ _l_ 4 7 17 114 5s 0
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"ABLE 4-5
PARIAMETEIS RATED "MUST" BY FOUR AGENCIES

1 No. of Agencies for which
Paamtes hc Parameter is a "Must" Judged Measurable b

Parameters Layer Data uo

Meteorological

1. Air Temperatu, 1 1 4 X
2. Atmos. Pressurt I - 4 X
3. Cloud Amount 1 2 X
4. Cloud Bases 1
5. Cloud Tops 1
6. Dew Point/Humidity 1 4 X
7. Gravity
8. Heigl' I 2 3
9. hIsolation 2 X

10. Mag. Field Declin. 1
11. Mlag. Field Inclin. I
12. Mag. Field Intensity
13. Ozone Content 1

14. Precipitation X
15. Visibility 1
16. Wind Direction 1 1 4 X
17. Wind Speed 1 1 .4 X

Oceanographic

18. Active Sonar

19. Bathymetry 1
20. Bottom Composition 1
21. Current Direction 4 3 1 2 X
22. Current Speed 4 3 1 2 X
23. Depth 4 4 1 '2 X**

24. Oxygen I I
25. Plankton 1 1
26. Propagation Loss I
27. Salinity 4 4 1 21 X
28. Sound Speed 2 1 1 1 X
29. Tidal Fluctuation 1 i
30. Transparency 2 1 X
31. Water Pressure 2 2 I 1 X
32. Water Temperature 4 4 1 2 X
33. Wave Direction 3j X
34. Wave Heigt 3 X
35. Wave Period 3 X

*Obtained from atmospheric pressure measurement

*'Obtaircd from water pressure measurement
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cornpqi'ative re suits w-ere pirepared for six sets of par_,ineter and layer weights;

thlose weiz-hys us;ed 41, Section 3; thoieG- from four a,-encies; and the avera-. of the-

four agencies.

Trie net result of the comparative efffective~iess calculations for the eight plat-

forms Ih; given in Table 4-6 and is graphically sumrnarlzeul in Fig. 4-2 for Deep

Ocevan -t.equirerrcntts, and in Fig. 4-3 for Coastal North America requirements. Ln

preparing the table and .hetie two figures, areal coverage has been assumed to be

100' i, or all platforms. Table 4-6 aJ-5o includes effectiveness values for the mixes ofl

platiorms const~tuting part of the analysis in Section 3. The foilowLag conclusions

can be drawn from Fig. 4-2 and 4-3.

o Use of the average of agency weights of parameters and layers pro-

duces cak.Ldated effectiveness values that are increased or essentially un-

chainged wl h respect to Section .3 vtalues for buoys, manned buoys, and ocean-

ographic vessels. The increase in calculated effectiveneas, comparing average

w6,*ght data with LIJ~ction 3 values, iA

[ Platorm I ncreas Effectiveness
_________-- DO7CNA

Buoys 124% 20%
Manned Buoys 6.3% 0
OceanographicVessels i5. 7% _L 0

The spread of agency results around the average is less than 1. 4% for both

manned buoys and oceanographic vessels. The spread about the average is as

much as 21% (for BCF we~ghts) for buoys.

*The computer program developed to handle tlie large number of calculations
involved will easily accept any other combinations of parametere, layers, capabilities
and relative importance weighs.
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TABLE 4-6

SYSTE;, EFFECTIVENESS

A. Effectiveness for Deep Ocean Requi.'rements

Platform F Effectiveness

BCF ESSA USN USCG Avg. Weight See. 3 Values

Acft o, t- Jlpr 0.0 0.108 0.124 0.048 0.077 0.083
lHor Sound Bal 0.0 '0096 0.091 0.052 0.066 0.076
Satellites 0.082 0.152 0 164 0.112 0.131 0.125
ReconAcft 0067 0.222 0.258 0.141 0.180 0.178

Boy 10.685 0.517 0.511 0.589 0.565 0.455
Ship of Oppor 0.537 0.629 0.729 0.619 0.635 0.619

Oes: ar, Vessel 0.899 0.887 0.907 0.905 0.899 0.848
Manned Buoy 0.9i2 j 0.895 0.913 1 9.914 0.907 0.85.

Piatform Mixes

Buoys, Ri9B .5 0,6 3 0.602 0.641 0.631 0.530
Buoys, Sats 0.0 685 0.613 0. 58 0.628 0.626 0.531

Buoys. SO0 0.837 0. 73 0.894 0.857 0.8617 0.531

'Sas, S 0.537 0.629 0.729 0.619 0.635 0.619

Sats, GSV 0.899 0. 887 0,907 0.905 0.899 0.848:, ts, A00 0,t 082 0. 21.3 0.235 ('. I!"'6 .17
Sats, Recon Aeft 0.129 0.276 0.18 0.193, 0,237 0.223
M. Buoys, Sats 0.,912 0. 895 0. 913 0.914 0.907 0. 853

Buoys, Sats, SO0 0.837 0.873 0. 894 0 .857 0 867 0.804

Buoys, Sats, " 6 0.717 0.7'27 0.680 0.705 0.615
)BuoySatA0. 068,a 0,673 0668j 0. 649 0.668 0.576

B. Effectiveness for Coastal North America Requirements

PlatformAcft of OppT 3.0 0.05 0.07 0., 0.061 0. 071

Hor Sotud Ba_ 0.0 0.120 0.115 0.056 0,080 0.105

Satellies 0.082 G.145 0.164 0.111 0.129 0. 133

Recon Acft 0. 67 0.212 0.240 0.136 0.171 0.180
Buoy 0.685 0.524 0.518 0.590 0.569 0.475

Ship of Oppor 0.537 0.646 0.736 0.619 0.642 0,681
Ocean Vessel 0,899 0.904 0.914 0.905 0.906 0.910

Mamned 1uov 0.912 0.91.2 3.919 0.914 0.914 0.916
Platform Mixes
Buoys, ISB 0. &e,. 5 0,644 0.633 0. 646 0.646 0.580

Buoys, Cats 0.685 0.60C 0.5 9 0.627 0.624 01,550
.0.83'1 0. 8987 0.87 0.867

("Sawe . 00 0,537 0.646 0.736 0.619 0.642 0.681
.. .A 0.12R M61 301 0.188 0.226 0,228

Sats, AOO 0.082 0.197 0.207 1 0.129 0.160 0.170

1. 100 oaemiLe-rage ,sed to ilhstrate maxim.npossiblceffectiveness. The ccres
shown here are valid onl.y if platforms can be deployed in sufficient numbers to

aohieve 10% areal covero.
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Notes:

1) Solid bars are for average of agency weights
2) x = Effectiveness from Section 3

3) A = BCF

4) V= ESSA
5) a = USN

6) o = USCG
7) 100% areal coverage used to illustrate maximum

possible effectiveness
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Fig. 4-2. Platform Effectiveness for Deep Ocean Requirements



Notes:

1) Solid bars are for average of agency weights
2) X Effectiveness from Section 3
3) A = BCF

4) V =ESSA
5) 0= USN
6) o = USCG
7) 100% areal coverage used to illustrate maximum

possible effectiveness
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Fig. 4-3. Platform Effectiveness for Coastal North America Requirements
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* For the remaining live platforms, comparipon of average weight

effectiveness and Section 3 values gives:

Platform Change in Effectiveness

DO TCNA

Acft of Oppor -7.2% -14%

lHor Sound Bal -13. 0j -24%

Satellites 4. 8 % - 3%

Recon Acft 0 - 5%

Ships of Oppor 2 6% J -5. 7%

In the majority of instances, it is apparent that use of agency-weighted param-

eters and layers results in a slight reduction in effectiveness of the above five

platforms.

Using the costs noted in Section 3, and following the same computational proce-

dures that gave rise to Figs. 3-1 and 3-11, :ost effectiveness ratios have been com-

puted for both systems of single platforms and sytems of platform mixes, configures

to satisfy Deep Oc'an or Coastal North America operation data requirements. A

graphical presentation of DO results is shown in Fig. .1-4; similar CNA results are

given in Fig. 4-5.

In Figs. 4-4 and 4-5, the Section 3 results from Figs. 3-1 and 3-41 are denoted

by "X's". Both DO and CNA results indicate .denrly that layer and parameter weighting

by agencies has produced better cost-effectiveness ratios for unmanned data buoys.

In the case of systems of horizontal sounding balloons, satellites, or 100 ships of

opportunity, the cost effectiveness ratio results are mixed -- better for some agency

weights, poorer tor others. However, when any one of these three platforms is paired

with unmanned data buoys the resulting cost eicctiveness ratio of the mix is a marked

improvement over that of balloons, satellites, or ships of opportunity, and n reasonable

improvement in mix effectiveness (about 20"r in some cases, as evident from Table

4-6), compared to buoys. Of course, the total cost of the mixed systems is of the

order of 75-1001 greater Lian that of buoys alone, so the cost effectiveness ratios for

the three mixes are always greater than that of unmanned buoys alone.
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I
For Deep Ocean requirement "today's" mix of platforms (Mix 4) has a cost-

9
effectiveness ratio of t0e order of $3. 5-4.0 x 10 . Adding satellites and aircraft

of opportunity shifts the cost effectiveness into the range $2.6-3.8 x 10 (Mix 5).

Adding 137 or 127 unmanned buoys and 0 or 10 manned buoys, respectively, brings
9

the cost effectiveness ratio down to about $1.6 x 10 , in the vicinity of a system-mix

effectivei -s of 0.68 to 0.77 and an implementation-plus-10-year-cost of approximately

$1.1 x 109 (Mix 6 and 7). In general, when compared to comparable Section 3 values,

use of agency-provided parameter and layer weights in Mixes 6 and 7 has resulted in

a reduction of approximately 18% in cost effectiveness ratio and an improvement in

calculated mix effectiveness of 8 to 22%. The pattern of change is much the same for

mixes of platforms used to meet Coastal North America requirements, as evident

from Fig. 4-5. Plots of cost-effectiveness ratios for each set of agency-provided

parameter and layer we's,,,, the average weights across the four agencies, and the

Section 3 data are presented for convenience on separate graphs in Appendix D.

4.4 Summar

The use of agency-provided parameter and layer weights afforded no new major

conclusions. While changes in effectiveness could be noted, there were no drastic

shifts or juxtapositioning of cost effectiveness of systems. The fact that many single-

platform systems and systems 2omprised of mixes of platforms showed greater calcu-

lated effectiveness, and hence lower cost eitectiveness ratios, indicates that in many

cases the investigated systems were more closely satisfy,'"k an agency's requirements

than had been evident, based on the results in Section 3. IL is clear that even greater

effort should be made to collect and refine agency estimates of parameter and layer

weights.
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5.0 CONCLUSIONS

The conclusions that can be drawn from the analyses performed for this essay

must be tempered by the fact that only a limited number of options were investigated

in analyzing certain mixes of observing platforms. The results obtained are basLd

upon a cross-section of alternative mixes that are considered to be representative

projections. Of course, other potential platform mixes could be specified and the

results might lead to additional conclusions. The results are valid only to the degree

that the assumptions and rationales are valid. In some instances where the assump-

tions were considered to be of critical importance, the analysis included alternatives

to test the sensitivity of results to variation of the assumptions.

With the above considerations in mind, there are a number of conclusions that

have been produced by this study. Ihese are listed below:

(1) A system comprised solely of unmanned buoys is potentially capable

of providing a high percentage of the observations required by several major

agencies in both the Deep Ocean areas and the Coastal North America ocean

area, This is particularly t. ie for ocean-atmosphere interface and ocean

layers "Layers 3, 4, 5 and 6).

(2) The cost of providing the above data is relatively low for a system of

unma-ned buoys, when compared with sor system comprising other platform

ty )es. Buoys are the most cost effective platform type when all paramneters and

all layers are jointly considered.

(3) An um-.anceq hzoy system (as viewe'a in this essay) is ineffecetive in

providing data for the atmosphere above the ocean-atmo8phere interface ta:.er

(Layers I and 2).

(4) Satellites, aircr lit o' opportunity, and horizortal eounding balloons

can be used as complementary platfori.: Ivpes to provide observational data for

the atmosphere with ?sgentia!ly no redund;ncy between the buw' system arid the

nonA-buoy system c-rplo ed-

(5) 'hi es of opportunity -n be used to complement buovm t- providiag

observational data for the ainosphere and they il, provide an ocean observa-

tion capability that complements, to some degree, that of the -''s.
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(6) Any non-buoy platform, that provioes a cnability for meas- ing

atmospheric parameters above the ocean-atmosphere interface when ,;ombined

with buoys will improve the overall system ffectlveness, but those non-buoy

platlorms investigated will be relatively expensive and will, therefore, cause

an increase in the combined system cost effectiveness ratio.

(7) The design of a buoy system as a part of a total national marine data

acquisition system is sensitive ordy to a very small degree to the existence of

other platform tyles. Combining a buoy systim with such complementary plat-

forms as satellites or reconnaissance aircraft or horizontal sounding balloons

or ships of opportunity produces a system with little redundancy of capabilities.

Combining a buoy system with platforms such as oceanographic vessels or

manmd buoys would result in both highly complementary and highly recundant

capabilities, if he buoys and non-buoys were collocated. However, thcse plat-

forms can be controlled as to placement and would not be collocated with buoys

in an effective mixed system. Because manned buoys and oceanographic vessels

are each quite expensive lo implement and operate, they are significantly less

cost effective than buoys and would probably b. used sparingly where their out-

standing capabili' es are ol exceptional value to the composite of operational

requirements

(S.) Using the cost effectiveness model of this study, the reallocation of

funds from un, anned buoys to any other platform type will result in a lower

;'.verall systtm performance. However, it is c!epr that the introduction of

relative values oi parameters, ",ertical layers, and geographic regions could

modify this conclusion.

(9) The use of agency-provided parameter and layer weight ; results in

increases in calculated effectiveness of unmanned data buoys (an 18- 101 in-

crease, depending on the agency). Manned buoy,' and oceanographic vessels

showed smaller ncreases itr effectivenesi,. The remaining fi e pitforms had

both increases and decreases in calculated etfectivenesr, depending on the

agency providing the parameter a.d ia, er welghts.
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(.0 RECOMMENDATIONS

The following recommendations are made:

(1' Planning for a National Data Buoy System should be carried forward,

considering the NDBS to be a major component of any future national marine

data acquisition system.

(2) Studies should be undertaken under the appropriate government or-

ganization to determire the best composite national marine data acquisition sys-

tem. Numbers and types of platforms that will be componenrs of the overall

system, and %ill complemeit the buoy system capability, should be specified after

further cost effectiveness studies are completed.

(3) The co., effectiveness analysis should be extended to consider var-

able density networks, relative value weightings of parameters, parameter char-

acteristics, vertical layers and specific giographlcal areas.

(4) The role of the NDBS in meeting the user requirements for research

in all ocean areas and for operational purposes in the U. S. estuaries and Great

Lakes should be specified on the basis of the refined data requirements for these

uses. The DO and CNA operational data buoy systems can serve to meet some

of the research requirements, but further plarnning is required to extend this

service.

(5) The redesigied ano automated cost efwcttvoness mox-el should be used

to facilitate studies wterei, relative value A-eightings of paranmeers, parameter

characteristics, vertical layers, wid sIp.cific geographicai areas cfm be con-

sidered along with variable density networks in a non-lin-, ar frrmework. This

1,4 suggested because the valu., of environmental data is generally not a litn.ar or

step function of grid mesh, vertical spacing or other characteristics of the obser-

-,oations. Since the relationship of value of tne data to these fac! .rs is not mown,

it is desirable ,o consider the cost effectiveness of gvstems for a wnole family of

relative value curves.
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(6) A study, should be performed using the automated cost 2-ffectiveness

model and only those parameters reauired to achieve selected beniefits, rather

than a composite set of parameter re*quirernents for which da~a end-product usesI

ire not thoroughly understood. Th'is modification in the measure of effectiveness

would mnake the cost effectiveness results more ar,-.enable for use in determining

the be: '-fit-to-cost ratiQ for selected depioyrnei-t of buoys and mixes of buoys and

other platformns.
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APPENDIX A
PLATFORM CAPABILITY MATRICES AND

SCORING RATIONALES FOR SENSITIVITY ANALYSIS

A-1



The rationales used in arriving at live-year state -of-the-art capability scores

are oxplamed here on a parameter-by-parameter basi. Although the sensitivity

analysis was carried out considering the DO and CNA operational user requirennts

separated into six layers in the vertical, the parameters are listed here in alpha-

betical order with no subdivision into layers. Following the explaniation of the assumed

methods of measurement, Tables A-I through A-8 contain the scores as determined

for each of the six layers for each platform type.
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TABLE A-1
AIRCRAFT OF OPPORTUNITY CAPABILITY MATRTX
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TABLE A-2
BUOY CAPABILITY MATRIX
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TABLE A-3
HORIZONTAL SOUNDING BALLOON CAPABILITY MATRIX
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TABLE A-4
MANNED BUOY CAPABILITY MATRIX
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TABL1 ' A-5
OCEANOGRAL~PHIC VESSEL CAPABILITY LATRIX
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TABLE A-6
RECONNAISSANCE AIRCRAFT CA PABIILITY NwTArIux
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TABLE A- ,
SHiPl O)I OPPO)RTUINITY CAPABILITY MA i'RIX
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PARAMETER: AIR PF.mPERATURE

PLATFORM

Aircraft of Opportunity: Can measu.re only at flight level with a platinunm
wire : .stor that is part of a bridge network.

Buy:Car, niea.,urt: only aL the surface with a platinumn
resistance t~ermnoreter or a thermistor.

Horizontal! Sounding Balloon: Can measure only -~t level it is floating in, wita a
rod or bead therniisto-i. it is planned to float bal--
loons a! si~x levels for the purpose of this analysis.

Manned Bluoy: Can have capability oi launching rawinsonde and
obtain measurements at all standard and sign~ificant
levels.

oceanographic Vesie]: Sam'e as Mananed Buoy

Reconnaissaivce Aircraft: Assuxnin- z"rcraft can rea&ch at least 67,O006 feet
altitud -;,er a point, measurements can be made
at 13 ievA's by use of a dropsonde, eliminating
standard levels from 30 iLb to 10 mL

Satellite: Future capability (within 5 years) will be measure-
Mert both in ctea - azad cloud covered regions using
infrared measuriag systers, Although present
capability in clie-ar regiorzs only for 20 levels -

otherwise the top of the clouids. Jt v;ill not meet. 0&
absolute location accuracy requirement in the
vertical because temiperature6 will be a mean for a
layer not at a level.

Ship~ ofOprunity Can have capability of launching rawinsorie and
Shipof OR22obtain measurements at all standard and significant

levels.
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i ~PARAMFIETER:_AII\ LIGHT

PLATFORM

Aircraft of Opportunity. No or-ean layer, ob:serving capaiiliv;

C-an be mea-c.red at required levels using photocelL6

wnunted u~i the mooring lifie, T1:,,- primary problem
W'Il be biological fouling of the winu w with tinle.

Horizontal Sounding Baloon: No ocean layer ob-serving capability.

Manined Buoy: Can be measured at the- requiredI levels by lowering
a calibrated photocell on a cable.

Oceanographic Vessel: Sarxn- method a.-, the Mannued Buoy.

Reconnaissainze Aircraft: No capable of measuring this paramneter.

Satellite: Not capable of measuring this parameter.

Ship of Opportunity: Can tow a photocell b.ehind the ship to de-pth of about
300 feet.
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PARAMETER: AMBIENT NOISE

PLATFORM

Aircraft of Opportunity: No ocean layer cb)serving capability.

Buoy: Can be measured at all required levels using cali-

brated hydrophones at each level on the mooring
line. Appropriate filters and amplifiers are neces-
sary to provide the measurement over the desired

frequency band Mooring line noise is a problem
at the lower end ( f the frequency range.

Horizontal Soundng Balloon: No ocean layer observing capability.

Manned Buoy: A calibrat.ed hydrophone can be lowered to measure
the ambient noise over given frequency bands. A
problem here is the. noise generated within the

manneu )uoy.

Oceanographic Vessel: Same method as the manned buoy but higher noise
level of the vesseI creates even vt ore problems

tnan the manned buoy.

Reconnaissance Aircraft: No capa.aiiity to measure this parameter.

Satellite: No capability to measu~re this parameter.

Ship of Opportuni y: Ship noise and motion prevent a useful measurement
-i this parameter.
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PARAMETER: ATMOSPHERIC ELECTRICITY

PLATFORM

Aircraft f Opportunty: Can measure only at level at which it is flying by an
antenna on the aircraft and an impedance voitage
measuring circuit.

BUoy: Can measure at the surface onty with a one- or two-
xr'ter whip antenna with a radioactive button located

on the tip as a pick up device. The voltage is
measured between this -ntenna and ground by a high

impedance voltage measuring circuit whose output
can be digitized and transmitted.

..ri.o....a. S i.' g Balioon: Cannot measure this parameter,

M,71a;ed Buoy: Can measure at the surface only by same technique
as buoy.

Oceanographic Vessel: Can measure at the surface only by same technique
as buoy.

Recoanaissance Aircraft: Over a point, A1s parameter can be measured at
flight level only by same technique as aircraft of

opportunity.

Satellite: Not capable of measuring in vertical layer required.

Ship of Opportunity: Can measure at the surface only by same technique
as on buoy.
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PARAMETER: ATMOSPHERIC PRESSURE

P LAT FORIM

Aircraft of Opportunity: Can measure only at level at which it is flying by a

bellows mechanically linked to a potentioneter.

BuoN,: Can measure only at the surface by an aneroid or

strain gage instrument.

Horizontal Sounding Bailoon: Can measure only at level it is floating oy diaphram
gages (an -neroid baroswitch in part,. Tie

plan is to have balloons floating at 6 levels,

Manned Buoy: Can have capability of launching rawinsonde and
obtain measurements at all standard and significant

levels.

Oceanographic Vessel: Same as Manned B-1ny.

Reconnaissance Aircraft: Over a point can be measured at - 13 levels using

a dropsonde.

Satellite: Does not have capability lor measuring this

parameter.

Ship of Opportunit : Can have capability of launching rawinsonde and

obtain measurements at all standard and significant

levels,

A- 16



PARAIMETER: BIOLOGICAL PARAMETERS

This includes a group of parameters for which we have ill-defined statements of

requirements. These parameters are presently determined by taking water samples

and analyzing them in a laboratory.

PLATFORM

Aircraft of Opportunity: No ocean laycr observing capability.

Buoy: Not capable of measuring this general set of
oaranmete rs.

Horizontal Sounding Balloon: No ocean layer observing capability.

Manned Buoy: CL:' obtain water samples at desired levels using
Nansen bottles and analyze the coutents on board.
Cannot meet the requirement for synchronization
in the verticai.

Oceanographic Vessel: Same as Maimed Buoy.

Reconnaissance Airc-aft. No capability for this parameter.

Satellite: No capability for this parareter.

Ship of Opportunity: Considered capab,_ of taking water samples to a
depth of 100 meters. Laboratory analysis capa-

bility is required on board.

I.I
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PARAMETERS: CLOUD BASE AND CLOUD TOP

PLATFORM

Aircraft of Opportunity: Visual capability as good as or better than surface

observer.

Buo : No capability for measuring.

Horizontal Sounding Balloon: No measurement capability.

Manned Buoy: Visual observation and rawinsonde temperature
dew point spreads.

Oceanographic Vessel: Same as Manned Buoy.

Reconnaissance Aircraft: Visual observation.

Satellite: Capable of measuring cloud tops - but not cloud
bases.

Ship of Opportunity: Visuial observation and temperature - dew point

spreads from rawinsonde information.
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PA.AMETER: CURRENT DIRECTION

PLATFORM

Airraft of Opportunitf' No ocean layer observing capability.

B uoy: Can measure at required level. using a current

meter with a vane which orients itself with the, flow
of water past the instrument. The vane position is

ma, ictically coupled through an aluminum pressure

housing and compared with an internal magnetic
compass.

Horizontal Sounding Ball,.,)n: No ocean layer observing capability.

Man-ed Bu y/: A current mter similar to the buoy's can be
.owered on a cable to determine current iirection.
The meter imust be stopped at each level required
for a period of time long enough to make a repre-

sentative measureme . The synchronization

requirement in the vertical cannot be met in this
manne r.

Oceanographic Vess&h bimilar to Manned Buoy (, xcept th, motion of the
ship will preclude meeting the accur:cy requir lient.

Reconnaisanc- Aircrift: No capability lor measuring this par, meter.

Satellite: No, apahility for measuring this parameter.

Ship of Opportunity: The movement of the ship precludes measurement
of this paraneter within the range and accuracy
requirements at any of the required levels.
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PARAMETER: CURRENT SPEED

P LATFORM

Aircraft of Opportunity: No ocean layer observing capability.

Buoy: Can be measured by mouating current meters
employing Sa~onius rotors at each level. fhc rotor
turns a, c counted by magnetically coupling the rota-
tion through the .Iunnum pressure case which

creates a magnetic impulse or a sv itch closure.

Horizontal Sounding Balloon: No r '-ean layer obhor, ing capability.

Manned Buoy. A current r'ctV - si, ilar to the buoy's can be
lowered on i c _bh and st . ped at rquired leveL
long enough' te alp e a representative ubservaion.
The synchro :a' )n requirement i the vertical
cannot be met i.. ai manner.

Oceanographic Vessel: Similar to Mann.ed LALoy except the mnotion t the
ship wili preclude meeting the accuracy requiienient.

Reconnaissance Atircraft: No capability for measuring this parameter

Satellite: No capability for measuring this parameter.

Ship of Oppor.unity: The movement of the -.aip precludes measurernnm
of this parameter within the range and accurtcI
requirements at any of the required levels.
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PARAMETER: COSiMIC RADIATION

PIATFORM

Aircraft of Opportumiity: No measurement capability.

Buoy: No measurement capabiility.

Horizontal Sounding Balloon; No measurement capability.

Manned Buoy: No mieasuremeir capability.

Oceanographic VeibseI: No measurement capability.

Reconnaissance Aircraft: Can measure it at flight levelb with a coswmic
radiomieter.

Satellite: No measurement capability.

Ship of Opportunity: No measurement capabilty.
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PARAIETER: DEW POINI

PLATFORLM

Aircraft of Opportunity: Can meastur only at flight level with a carbon

coated resistor.

Buoy: Can measure only at surface using a device c,: able
of producing a therial electric or Peltier cooling

effect to cool a stainless steel mirror to the dew

point (saturation temperature).

Horizontal Sounding Balloon: Can measure ,L only at level 71 is floating using a
dew point hygrometer - plan "s Lo fli!, bailoonb at
t levels for purposes of this sensitivity essa%,

Manned B,)y: Can have capabilt of launchng rawinsone and
obtain measurements at all stand.ard a!-d significant

lev.ils -.,ith a hygrometer.

(.ceaunographic Vessel: Same as M:inned Buoy.

S.'mnnaissance Aircraft: Assuming aircraft can reach 67, 000 feet altitude
(5 0nmb over a point, we estimate this paranie(, r

can be measured using a dropsonde package con

tairung a nvgromew r at -13 levels keiimnnating
levels from 30 nib to 10 nro, and somre siguficant
Peveis)

Satllite Future 5 year) capabiht.v to mea-ure it at all ,vels
in cloud free a-gions through L~e of a radiometer or

sIxctronieter but lunited to cloud top in cloud
cove red region"

Ship of Opportunity Saie aLs Maimed Buoy and Oceanogrsplic Vessel.
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PARAMETER: ICE CRYSTAL SIZE

PLATFORM

Aircraft of Opportunity: No int-.sureient ca4. ability.

'uo-0 No meabareinent capabIlItY.

lioriizontal Sounding Balloon: No measurement capability,.

manuied iuoy: No nieasuremleflt capability.

CkL)canographic Vessel: No) measurement capatbilil.

Reconnaisswice Aircraft. ON,(- a point, can measure it on4ly at fligt level

ulsin a cold box.

Sate 1 e; No rneasurermunt caipabiijt

0.i o -)ppOrItIUn t No measqurement capablit
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PARAMETER: INSOLA lION

PLATFORM

Aircraft o Opportunity: Not capable of measuring this parameter.

Buoy: A pyrheliometer can be mounted on the buoy to
meet this requirement.

Horizontal Sounding Balloon: No surface layer observing capability.

Manned Buoy: Same as the buoy.

Oceanographic Vessel: Same as the buoy.

Reconnaissance Aircraft: Not capable of measuring this parameter at the
surface.

Satellite: The ability to infer the insolation at the surface of
the earth from a satellite is not considered of suf-
ficient accuracy to make this a meaningful obser-
vation in view of the requirement.

Ship of Opportunity: Same as the buoy.
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PARAMETER: OZONE

PLATFORM

Aircraft of Opportunity. No measurement capability.

Buoy: Nc aeasurement capability.

Horizontal Sounding Balloon: Possible to have ozonesonde on balloot, and measure
at 4 levels, 100mb, 50mb, 30mb and 10mb.

Manned Buoy: Feasible to attach ozonesonde to rawinsonde balloon
package and measure it at 13 levels (every 5000
feet from 40,000 to 100. r0 feet).

Reconnaissance Airuraft: Can be measured at flight levels with aspectrometer.

Oceanographic Vessel: Same as Manned Buoy.

Satellite: Capable of measuring at all required levels using
a spectrophotometer and an ultraviolet back scatter
technique.

Ship of Opportunity Same as Manned Buoy.
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PARAMETER: PRECIPITATION RATE

PLATFORM

Aircraft of Opportunity; Not capable of measuring this parameter.

BuO: Determined from sequential automated readings of
a precipitation gauge.

Horizontal Sounding Balloon: Not capable of measuring this parameter.

Manned Buoy: Determined from seqwntial manual readings of a
precipitation gauge.

Oceanographic Vessel: Same as Manned Buoy.

Reconnaissance Aircraft: Not capable of measuring this parameter.

Satellite: Not capable of measuring this parameter.

Ship of Opportunit: Same as Manned Buoy.
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PARAMETER- REFRACTIVE INDEX

PI"TFCRM

Aircraft of Opportunitj: Can be computed for flight level only.

Buo: Can be computed for surfade only.

Horizontal Sounding Balloon: Can be computted at 6 levels it is planned for
balloons to fly.

Manned Buoy: Can be computed from ,-awinsonde information.

Oceanoraphic Vessel: Same as Maned Buoy.

Reconnaissance Aircraft: Can be computed at the iS levels where measure -
ments of temperature and dew point are made.

'atellite: Temperature not measured at a level but within a
layer - no capability for pressure measurement,
hence no refractive index can be computed.

Ship of Opportunity: Can be computed from rawinsonde information,
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PARAMETER: SALINITY

This paramneter is calculated frum measurement of condu.otivity, temperature

and pressure. Temperature and pressure iiieasurements are --qudred for other pur-

poses, therefore, the conductivity measurement is die only necessary parameter to be

measured 9pecifically for salinity deterninatLi.i.

PLATFORM

Aircraft of Opprtuit Y: No ocean lay.4 r observing capability.

Buoy- Can be determiined for required levels by sensing
conductivity with two toroidal-wound coils electro-
malme~~cally coupled by the sea water surrounding
Luem, sensing temperature with a platinum resist-
once thermometer, and sensinZ preaisure with a
strain gauge. Sainity is computed from known
relationships.

Horiz~ontal Sounding Balloon: No ocean layer observing capability.

Manned Buoy: A sensor package similar to that used on a buoy can
be lowered to determine sali~nity at required levels.
The rate of lowering is limited to s; 600 ft/min. so
synchronization requirements in the vertical cannot
be met.

oceanographic Vessel. Same as Manned Buoy.

Reconnaissance Aircraft: No capability for observing this parameter.

Satellite: No cspability for observing this para.. 'eter.

Ship of Opportunity Same as Manned Buoy method but limited to about

100 mstord'epth (first 7 IAPSLO levels).
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PARAMETER: SEA STATE

PLATFORM

Aircraft of Opportunity: Can be visually estimated. Accuracy requirement
cannot be met.

Buoy: Can be determined from wave height and wind
observations.

Horizontal Soundirg Balloon: Not capable of measuring this parameter.

Manned Buoy: Can be visually estimated.

Oceanographic Vessel: Can be visually estimated.

Reconnaissance Aircraft: Can be visually estimated. Accuracy requirement
ca- 1 be met.

Satellite: Can be determined using a radar scatteromet*:
operating near vertical incidence at a wave length

of the order of a meter,

Ship of Opportuity: Can be visually -stimated. 
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PARAMETER: SOUND SPEED

PLATFORM

Aircraft of Opport,:nity: No ocean layer observing capability.

Buoy: Sound speed can be determined from the salinity,

temperature and pressure values using Wilson's

equations or by instrumenting the mooring line with

sound velocimeters.

Horizontal Sounding Balloon: No ocean layer observing capability,

Manned Buoy: A sound velocimeter can be lowered from the buoy

to the required levels. The vertical synchroniza-

tion requirement cannot be met.

Oceanographic Vessel: Same as the Manned Buoy.

Reconnaissance Aircraft. No capability for measuring this parameter.

Satellite: No capability for measuring this parameter.

Ship of Opportunity: A sound velocimeter c ,n be towed to a depth of

about 100 meters (7 IAPSO levels). Zero scorep

are given for the vertical layer limitation and the,

inability to meet the vertical synchronizat ion

requirements.
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PARAYETER: TOTAL CLOUD AMOUNT

PLATFORM

Aircraft of Opportunity: Visual capability as good as or better than surface
observer.

Buoy: Can determine cloud cover with 1800 camera
equipped with an infrared sensing device.

Horizontal Sounding Balloon: No observing capability.

Manned Buoy: Visual observation.

Oceanographic Vessel: Visual observation,

Reconnaissance Aircraft: Visual observation.

Satellite: Camera observation transmitted to ground
receivers.

Ship of Opportunity: Visual obs.-vation.
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PARAMETER: TIDAL FLUCTIT ATION

PLATFORM

Aircraft of OpportuMty: Not capable of measuring this parameter.

Buoy: A measurement may be made using a bottm-
mounted pressure sensor. Howe'-er, the best

sensors available have about a 0. i '/ absolute

accuracy. This means that the Coastal North

American requiremets of 0. 1 foot accuracy
cannot be met in water depths greater tuan 100 feet.

The requirements for Deep Ocean tides are stated
as 10% accuracy with range unknown. Deep ocean

tides are apt to be of the order of a foot of varia-

tion and therefore the suggested instrumentation is

not useful in depths greater than 100 feet. A meas-

urement of lesser accuracy is considered to be of
little or no value and a zero capability is given to

the buoy.

Horizontal Sounding Balloon: Not capable of mesuring this parameter

Manned Buoy: Not capable of measuring this parameter.

Oceanographic Vessel: Not capable of measuring this parameter.

Reconnaissance Aircraft: Not capable of measuring this paramneter.

Satellite: Not capablo of measuring thi parameter.

Ship of ')pporiuwiity: Not capable o1 measuring this parameter.
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r)ARAME TE R: TRAINS PAREN CY

PLATFORM

*Ai rcraft of Opportunity: No ocean layer observing capability.

Buoy: A photocell and a light source can be att-ched to the
mooring line at the two required levels, The atten-
uation of Iiizht due to the water path will be a func-
tion of the photocell output. The light intensity
shoLd be monitored I-o detect chang--s in voltage
for correction of the photocell output. Fouling due
to marine organismis is a special -problem here.

Horizontal Sounding Balloon: No ocea layer observing capability.

Manned Buoy: Simitar inrsuumment package to that of a buoy but
lowered on, a caeie to required levels.

Oceanogr?4phic Vessel: Same as Manned Buc.

Reconnaissance Aircraft: Not capable of measuring this parameter.

Satellite: Not capable of measuring this paramneter.

Ship of Opportunity An instrument similar to that used by a ".anned
Buoy can be towed behind the ship to a depth ot
300 feet.

A-33



PARAMETER: VISIBILITY

PLATFC.IM

Aircraft of Opportunt: Can determine only at flight level.

Buoy: No capability for determining it.

Horizontal Sounding Balloon: No capability for determining it.

Manned Buoy: Can determine it only at surface.

Oceanographic Vessel: Can determine it only at surface.

Reconnaissance Aircraft: Can determine it only at flight level.

Satellite: Can determine it at various levels in cloud free
regions only.

Ship of Opp. tunity: Can determine it only at surface.
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PARAMEZER: WATER CHEMICALS

This includes a ,roup of parameters for which we have ill-defined statements of

requirements, Most of these parameters are roresently determined by taking water

samples and analyzing them in a laboratory.

PLATFORM

Aircraft of Opportunity: No ocean layer observing capability.

Buy: Not capable o measuring this general set of
parameters.

Horizontal Sounding Balloon: No ocean layer observing capabilty.

Manned u : Can obtain water samples at desired ieeis using
Nansen bottles and analyze the contents on board.
Cannot meet the requirements for synchronization
in the vertical.

Oceanographic Vessel: Same as Manned Buoy.

Reconnaissance Aircraft: No capability for measuring this parameter.

Satellite: No capability for measuring this parameter.

Ship of Opportunity: Considered capable of taking water samples to depth
of 100 meters.
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PARAMETER: WATER PRESSURE

PLATFORM

Aircraft -Opportuni ,: No ocean layer obse7ving capability.

L _ l: Strain gauges can be mounted on the mooring lim
at the r.' levels.

Horizontal Sounding Balloon: No ocean layer observing capability.

Manned Buoy: A strain gauge or Bourdon potentiometer can be
mounted in a package lowerea from the buoy. Can-
not meet the requirement for synchronization in the
vertical.

Oceanographic Vessel: Same as Manned Buoy.

Reconnaissance Aircraft: No capability for measuring this parameter.

Satellite: No capability for measuring this parameter.

Ship of Opportuntr: Considered capable of measuring water pressure
down to 100 meters (7 LAPSO levels) using a strain
gauge pressure element.
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PARAMETER: WATER TEMPERATURE

PLATFORM

Aircraft of Opportunit: No oce-n layer observing capability.

Platinum resistance units can be mounted on the
mooring line, at the required levels.

Horizontal Sounding Balloon: No ocean layer observing capability.

Manned Buoy: A thermistor or platinum resistance thermometer
can be mounted in a package lowered from the buoy

the required levels. The requirement for
vertical synchronization cannot be met.

Oceanographic Vessel: Same as Manned Buoy.

Reconnaissance Aircraft: An expendable batlythermograph can be dropped
from aercraft to provide water temperature read-
ings to a depth of 1000 feet (10 LAPSO levels).

Satellite: Infrared measurvment techniques can be used to
determine sea surface temperatures only. The
required accurwy cannot be met however.

Ship of Opportunity: An expendable bathythermograph can be used to
obtain water temperature to a depth of 2500 feet
(14 IAPSO levels).
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PARAMETERS: WIND DIRECTION AND WIND SPEED

PLATFORM

Aircraft of Opportunity: Can measure only at flight level by Daviga cjnal
equipment mtasuring ground speed and track
accurately. Computing mechanisms can be placed
on the aircraft to combine thee measurements with
true air speed and leading to give the wind vector.

Buoy: Can measure it only at the _urface with anemom-
eters and wind vanes.

Horizontal Sounding Balloon: Can measure only at level it is floating with track-
ing devices - planned to float balloons at 6 levels.

Manned Buoy: Can have capblility of launching rawinsonde and
obtain measuremeuts at all standard and significant
levels.

Oceanographic Vessel: Same a Manned Buoy.

Reconnaissance Aircraft: It can measure winds only at flight levels.

Satellite: No wind measurement capability.

Ship of Opportunity: Can measure at all standard and significant levels
with rawinsonde launch capability.
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PARAMETER: WAVE DIRECTION

PLATFORM

Airc;naG fOpportunity: Not capable of measuring this parameter.

Buoy: The instrumentation will depend upon the buoy hull
shape. On a discus buoy hull the direction can be
determined from three pressure transducers
located 1200 apart. The record of the pressure
variations at each of these transducers as a func-
tion of time will indicate the direction of propoga-
tion. The w direction spectrum is also obtained
from this measurement.

Horizont Soundin Balloon: Not capable of measuring this parameter.

Manned Buo: Obtained by visual observation.

Oceanr~hc Vessel: Obtained by visual observation.

Peconnaissan e Aircraft: Not capable of measuring this parameter.

Satellite: Not capable of measuring this parameter.

Ship of Opportuity: Obtained by visual observation.
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PA WYIETER: wAVE HEIGHT

"LATFORM

Aircraft of Opportuni r Not capable of measurig this parameter.

Buoy: A gyroscopically stabilized accelerometer is used
to ,nur°e only the vertical cornponent of accel
eratJion. Double integration of tvse a.,celeration
vilues yields a time series of instantaneous dis-
placement values that describe the oean waves.
The method assumes that the plhtform follows the
ocean surface and cannot be applied to platforms
such ai spar buoys that have a iarge vertical
damping coefficient.

Horizontal Sounding Balloon: Not capable of measuring this parameier.

Manned Buoy: Assumzing this buoy to be a large spar buoy, the
measurement may be made by attaching a pressure
element at a depth on the hull greater than. the
largest wave expected. Another method is by
means of a wave st-i attached to the hull,

Oceanographic Vessel: As arm or boom can be extended rom the vessel
with a resistance or capacitance probe extending
through the surface of the water. The ship motion
must be subtracted from the reading of this sensor
by mounting a vertically stabilized accelerometer
at the wave staff, double iwgrating its output and
subtracting this signal from the wave staff signal.
Another method involves mounting two vertically
stabilized accelerom,,ters below the water lir- in

each side of the ship and double integrating to
represent the ship's vertical motion. The change
in water pressure on the hull is me-sured by two
pressure sensors located tt the accelerometers.
The doubly integrated signal of each accelerometer
is subtracted from the pressure sensor associated
with it to provide a measure of the instantaneous
wave elevation. The error due to roll is removed
by differentially connecting the port and starboard
outputs.

Reconnaissance Aircraft: Not capable of measuring this parameter.
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Sa.elfite: Not capable Of measuring this parameter.

~g Oportuity:Saime as O"Snographic vessel except that the
ac4,,n requirement cannot be met due to the

forward iaotion of the ship.
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PARAMETER: WAVE PERIOD

PLATFORM

Aircraft of Opportunity: Not capable of measuring this parameter.

P_.ff: This parameter can be determined from the wave
height trace.

Horizontal Sounding Balloon: Not capable of measuring this parameter.

Manned Buoy: Determincd from the time series record of the
wave height measurement.

Oceanographic Vessel: Same as Manned Buoy.

Reconnaissanc Aircraft: Not capable of meaburing this parameter.

Satellite: Not capable of measuring this parameter.

Ship of Opportunity: Determined from time series record of wave
height measurement. A correction due to the
forward motion of the ship must be applied. This
motion will Inmit the -apabiiity of this platform to
meet the accuracy requirement.
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PLATFORM COST.-UNFORMATION
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Costs

The costs used in the cost effectiveness evaluation of alternative mixes of plat-

form types, used to configure total marine data acqumition systems, were based

upon projections and rationales for each platform type. The sources of the informa-

tion and the rationales used are summarized here for each platform type.

Aircraft of Opportunity

Transoceanic commercial aircraft were considered here to project aircraft of

opportunity capability scores. The present capability was extended to include the

measurement of dew point at flight level. 1 fie cost estimated for purchase and in-

stallation of a dew point sensor was $4000 and the expected lifetime was projected to

be five years. No other costs were considered to be incurred by the marine data

acquisition system.

The source of information for buoy costs was the Technical Development Plan

prepared by TRC as a part of the >67 feasibility study. The procurement cobt of

500 buoys (150 Deep Ocean and 350 Coastal North America) was estimated to be
6

$250 x 10 or about $500 K per buoy assuming a 40 foot discus-type buoy. The vearly
6

operating cost of the 500 buoy system was estimated to be approximately $40 x 10 or

$80 K per year per buoy.

Thus the unit cost per ten years of operation would be:

$500 K lOx $80 K - $1.3 x 10

Horizontal Sounding Balloons

The source of information was a report entitled "The Feasibility of a Global

Observation and Analysis Experiment" published by the National Academy of Sciences,

National R- earch Council in October 1965.

Several options were possible in projecting a horizontal sounding balloon ?ystem.

A choice was made for a representative syetem to have instrumented ballo<,ons at six

levels in the atmosphere (500, 300, 200, 100, 50 and 10 mb). The desired coverage

was one balloon in each 500 mile square over the northern hemisphere. This requires
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a tct.- of 2500 balloons aloft at any given time distributed over the six levels. The

average lifetime projected for these balloohs is six months at and below 100 nmb and

one year above 100 nib. To maintain the 2500 balloons aloft requires a total of

4500 balloons per year. The procurement costs range from $300 to $600 per balloon,

depending on the flight level. The electronic packages on the balloons cost $800.

Fifteen ground stations are requ:-ed in the northern hemisphere for balloon launching

operations. The satellites are required for tracking and readout. The resultant

costL are shnwD below:

Balloons (4500 per year) $ 1,500,000/ver

Electronic packages (4500 per year) 3,600, 000/year

Ground station operation (15 stations) 6,000, 000/year

Total $ 11,100,000/year

Satellites (2) $ 29, 000,000

Ground station initial costs 150,000

Totl $ 29,150,000

The ten-year unit costs considering a uzAt to cnnsist of 2500 balloons airborne

at all times is:

10 x $11,100,000 + $29,150,000 = $140,150, 000.

Manned Buoys

The unit costs for manned buoys is based upon a moored buoy of the Seastatlon

type described in a report entitled "Study of Moored Stable Platforms in Conjunction

with Submarine Cables for Aviation Communications and Navigition Purposes in the

Atlantic Ocean" prepared for The Ministry of Avbttion by Seastation Telecommunica-

tions LTD, Greenwich and Birkenhead, dated November 1965. This manned buoy will

house the crew of fifteen deemed necessary for operation and has adequate deck space

for observationai equ-nent including radiosunde launch and track1g fac'itles.
6The initial cos per unit is approximateiy $5 x 10 . It is assumod that 30 men

are required per uni, to mantain 15 aboard at all tines. Ship time for shuttling
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crews and supplies is estimated as six days per month per buoy. The unit costs are

therefore:

Initial procurement of buoy $ 5,000,000

Crew of 30 men 4 $10,000/year 300,000/year

Ship time of 6 days pee, mont. § $2500/day 180,000/year

Ten year operating costs are:

10 x $480,000 + $i5,000,000 = $9,800,000

T'his was rounded off to $10 x 10 6 per 10 years.

Ocean ographc Vessels

The sources of dqta were the costs of present day oceanographic vessels pro-

Jected by Alpine Geophysical Associates and U. S. Coast Guare personnel to the 5-year

state-of-the-art operation envisioned. The 10-year costs per oceanographic vessel

were assume" to be:

Procurement cost ior fully equipped

oceanographic vessel $12,000,000

Operating cost @ $900, 000/year for

10 years 9,000,000

Total $ 21,000,000

The 1967 TRC feasibility stWy included the assumption that two oceanographic

vessels were required per grid poln considering a ma;mum ship time at sea of

240 days per year. Part of the reasoning ubed was the long time spent in transit to

reach the observation sites, particularly when the remote areas of the South Atlantic,

South Pacific and Indian Oceans were included. In the present study we are consider-

ing only the northern hemisphere oceans with the predominantly large number of loca-

tions falling within 400 nautical milei of North America. For this reason we are

considering that two sites can be manned with three ships and ignoring transit time.

This assumption results in a conservatively low cost estimate for oceanographic

vessels. With this assumption the unit cost to provide continuous coverage at a loca-

tion at sea 's 3/2 that of on vessel or $31,500,000.
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Reconnaissance Aircraft

The sources of data were personnel of the US. Air Force, U.S. Navy and

U. S. Coast Guard interviewed on non-buoy observing equipment during the 1967 TRC

feasibility study. The ten-year costs per unit are:

Procurement cost per aircraft $7,000,000

Yearly operating cost $1,400,000

Ten year total unit cost:

$7,000,000 + 10 x $1,400,000 = $21 x 106

Two alrcra t were assumed to be required to have one aircraft per day

operating at all times so that the unit cost used was $42 x 106

Satellites

The sources of data were government agency interviewees during the 1967

TRC feasibility study and TRC consultants. The projected costs for polar orbiting

satellites with the projected five-year state-of-the-art capabilities used In the cost

effectiveness evaluation were:

Initial procurement cost per satellite including launching cost

$14,500,000

Ground station operation cost = $5,000,000 per year for up to four

satellites raqulred for 100 percent coverage.

It was as3umed that one replacement satellite would be required for each initial

unit during the ten year period. Thus the ten year total cost for the four satellite sys-

tem required for 100 percent coverage is:

4 x 2 x $14,500,000 + 10 x $5,000,000 = $166 x 106

ShL2s of Omrtunitz
The souroe of the basn cost data was the U. S. Coast Guard, NDBS DPO. It is

und.:.-nod that these costs were taken from s 1968 interagency Investigation of

potentil future marine environmental data acquisition syotems.

The unit cost for equipment for oe ship ^f opportunity was projected to be

$95,000. The operating cost was projected to be $185,000/yr. including two men
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per ship at $10 K per year. Assuming replacement of the equipment once during

the ten-year period resuits in a ten-year unit cost of:

6
t 2 x $95,000 + 10 x $185,000 -- $2,040,0&O or about $2 x 10

-'er unit per 10 _ ars.

The above cost data were used in the cost effectiveness evaluation. Certain

platform , such as satellites and horizontal sounding balloons have ground support

costs that can possibly be cost shared. Some cost sharing options were included in

the evaluation. The above costs were considered to be representative for each of

the platform types for purposes of the evaluation. The cost effectiveness model can

be used to evaluate the aiternEtive conafgurations of a marine data acquisition system

with any revised or refined cost data available in the future.
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APPENDIX C

THE COMPUTATION OF PLATFORM MIX EFFECTIVENESS CONSIDERING
REDUNDANCY AND JOINT RELIABILITY EFFECTS
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C-1. 0 Introduction

The purpo-, of this appendix is to describe in detail two methods available for

computing the total effectiveness of a mix of observing platforms throughout a pre-

scribed geographical volume. The methods differ in the manner in which they treat

redundancy - ong pla.tforms.

When two or more observing platforms occupy the same geographical area, the

possibility of redundant measurement of parameters exists. Redundancy is detected

by comparing the observirg capability of each of the platforms with one another, param-

eter by parameter and level by level.

The computation of the effectiveness of a mix of platforms must account for the

redundancy of measureient that may exist among the piatforms. In the method used

for the cost-effectiveness analysis, effectiveness is computed utilizing only the non-

redundant platform capabilities. In another method, the increased system reliability

due to redundancy Is incorporated into the effectiveness computations. The former

method may be considered as a first order approximation to effectiveness and ti,,

latter, a second order approximation. Both methods are discussed herein.

In the cost-effectiveness model described in the main body of this report, the

atmosphere-ocean domain has been divided ito 7 layers. The layers are defined in

Table 2-1. There were no stated operational requirements for Layer 7 in the Deep

Ocean or Coastal North America requirement sets; hence, the cost-effectiveness anal-

ysis considered only the first 6 layers. For the purpose of this appendix, the number

of layers is immaterial. A platform-mix effectiveness value is computed for each

layer. The vertical dimension is then eliminated by computing a vertically averaged

effectiveness for the mix. The layers may be weighted in the averaging process.

Two sets of composite, user requirements have been defined, one for the Deep

Ocean area and another for the Coastal North America area. The details of these sets

of requirements are given in Section 2. 2. As far as the method for computing effec-

tiveness is concerned, the details and number of requirement sets are unimportant.

Quite often a given mix of platforms will form a set of submixes when applied to

a specific area; e.g., the Deep Ocean area. In one part of the Deep Ocean area, there

will occur one combination of the platforms, in another, a different combination. This
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formation of submixes is due to the different areal coverage characteristics and

mobility of the platforms.

In each submiA it is necessary to assess the redundancy separately, to determine

the fraction of the total area the submix occupies, and to compute a vertically averaged

effectiveness.

The t-Aai platform mix effectiveness is expressed as an areally-weighted average

of all t' - submix vertical average effectiveness values.

C-2.0 First Order Approximation to Effectiveness of a hedundant Platform Mix

We definc the total effectivencss of a platform mix in a geographical volume

to be

I
E EA. (C-i)

where I is the number of platform submixes and

L
'E b nE i

n1 n In
Ei - L (C-2)

i L1: bn
nn~l

is the vertically averaged effectiveness of Submix I - 4#h areal fracticn At . The

weight for Layer n is b for each of the L layers.
n

Te layer effectiveness of Submix i comprlsing P platforms is given by

P C
F in _ C R Sm (C-3)

mn n max
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where m denotes a specific platform; Rm ,  h platform reliability; Sm, the platform

survivability; Cinm, the non-redundant capability of platform m; and C n max, the

total possible capability in Layer n.

To compute the total effectiveness of a platform mix, the components and areal

coverage of each submix it forms in the region of interest must be defined. These

factors depend upon the number of each platform type in the mix, the areal coverage

capability of each platform type, and the platform trajectories, if they move. The

areal coverage vapability of platforms has already been discussed in Section 2. 4. 1. 4

of the main report. For some platforms, primarily the ones that do not move, there

is a linear relationship between number of platforms and areal coverage because the

platforms are never collucated. Satellites and ieconnaissance aircraft also fall in this

category. Ships of opportunity and aircraft of opportunity tend to follow fixed routes,

which limits the areal coverage attainable by these platforms regardless of their

number. A non-linear relationship between areal coverage and number of platforms

must be defined for them bezause redundancy increases with the number of platforms.

To simplify working with balloons, a system was defined that is assumed to give 100T

areal coverage in the Deep Oc tan area.

The platforms comprising a submix are detcrmined by knowing where the plat-

forms arf' or probably exe. Buoys, manned buoys, and ocean vessels are stationary

and their locations ir v be completely controlled. No combination of these platforms

would ever logically be collocated because of their high mutual redundancy.

Horizontal sounding balloons, ships of opportunity, reconnaissance aircraft.

satellites, and aircraft of opportunity all move. Of these, there is maximum control

over reconnaissance aircraft, marginal control over balloons and satellites, and no

control over ships of opportunity and aircraft of opportunity. In the mixes considered

to date, the balloon system and the satellite system have each been designed to provide

100% coverage in the Deep Ocean area, hence, when they are mixed with some other

platform in this area, they will always comprise a submx with that platform. The

reconnaissance aircraft is usually flown to obtain atmospheric data in remote regions.

We therefore exclude them in submixes with ships of opportunity, air'raft of oppor-

tunity, manned buoys, and ocean vessels, but not with satellites, balloons, or large

buoy systems.
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With the submixes defined, the next step toward computing the total effectiveness

of a mix is to compute ths, layer effectiveness for all layers within a submix. Equa-

tion (C-3) indicates it is necessary to know the .on-redundant platform capabilities.

These are determined with the aid of Tables C-1 and C-2 which give the basic platform

capabilities by layer and parameter for the Deep Ocean area and the Coastal North

America area, respectively.

Assumnir4; ",e are working in the Deep Ocean area, we mark the platfor -is in our

submix on Table C-1. We select the platform with the highest reliability (reliability is

indicated on the figure for each platform) a..d sum that platform's capability scores in

Layer 1. This sun is the quantity C ill The platform with the next highest reliability

is designated as Platform 2 (m - 2). The capability scores for Platform 1 are sub-

tracted from those for Platform 2, parameter by parameter. Tne remainder, neglect-

ing negative values, is summed over parameters to produce Ci1 2 , the part of Platform

2 capability that is independent of Platform 1. If a third platform exists, the Platform

1 parameter scores are added to the Platform 2 remainder scores and the combined

scores subtracted from the Platform 3 parameter scores. The new remainder summed

over parameters is C il3. New , mainders are computed in this manner for the P plat-

forms in the submix. In this study, the survivability for all platforms has been

assumed equal to unity The maximum possible layer capability scores C aren max

given in the figues. For example, in the Deep Ocean area, the maximum capability

for Layer 1 is CI max -171. Applying Equation (C-3), we may now compute EtI.

The process described above is repeated for each of the six layers. The

vertically averaged effectiveness oi Lhe submix Is computed with Eqn. (C-2), using the

six layer effectiveness values Ein and the layer weights bn. The layer weights used in

the main report are b1 =b6  0.6, b2 = b3 =b4 =b 5  1.

A vertically averaged effectiveness is computed for all submixes of the original

platform mix, each effectiveness is multiplied by its submix areal coverage, and the

results are s immed (Eq. C-I' to get the total system effectiveness E.

Let us now consider a simple example to llustrate the computation of effective-

ness of a redundant platform mix. Assume we have in the Deep Ocean area 100%

coverage with buoys, 100% coverage with satellites, and 3% coverage with aircraft of

opportunity. With this mix, we have two distinct submixes. In the first we have buoys
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TABLE C-2
BASIC PLATFORM CAPABILITY IN THE COASTAL NORTH AMERICA AREA,

BY PARAMETER AND LAYER
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and satellites covering 97 of ttit area, and in the second, we h.-vp huo% s, s~iellitcs,

and aircrat of opportunitv covering 3'- of the area.

The noa-redundarnt .ayor I parameter capabilities for Submix 1 -trc shown in

Table C-3. They were 'obtained from Table C-I in the foliowing miaimer. Of the two

platforms in Subrni-x 1, buoys havu t'., higher reliabilitv; hence, buoys are assig-ned

m 1 aLnd satellites, .n --. In the column marked Layer 1. in Table C-i, buoy S are

seen to have capabii:ity only fi Parameter 10. This capabi~ity, which has a value of

10, is entered in Cilumn 10 in Table C-3 for buoys. We now subtract the buoy capa-

bility from the satell~te capability in Table C-1. This eliminates the satellite capa-

bility of 10 for Para-meter 10. The remaining satellite capabilities are entered in the

corresponding locations in Table C-3. The buoy effectiveness in Layer I feSubmix

I is then given by

Ciii 10
CR IS I -x 0. SOx 1 -. 0.05

I maX

The corresponding satell.2' 'iveness is

C11
-H ) S, -x 7.5 x 1 0. 3i

1 m ax17

The effectiveness of SubmL= 1 in Layer I by Equation (C-3) iq

E 0.05 0. 31 >36.

This value isi entered in Table C-5 in thew column for Laver 1 and the raw for Sumix I. 1

Corresponding Submix i effectiveness values for the other lavers were computed if' a

similar manner and entered in Table C-5. By applying Equation (C-2) with the weigh-s

b -~b = 0.6, b - b b 4  b 1. 0, we compute the vertically averaged effective~ess

of Submix 1 to be E, - 0. 53. This value is entered in Table C-5 in the column marked
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TAB._ C-
NON-REDUNDANT PLATFORM CAPABILITIES IN LA.*YER I FOR SUBMIX i

OF THE ILLUSTRATIVE BUOY, SATELI-TE, AND AiRCB.,T OF
OPPORTUNITY MIX IN THE DEEP OCEAN AREA

Layer I Par=mcner Cpabilities I

1 E1

PatosI 1  j 4

S1 8 ,9 1" .

j2I Sate! ltea119 io 1 1 !
____ ....____ ..... _i.......... . I 01 2  : 0.,

The non-r dundant Layer I parameter capabiliuee for Submix 2 are shlmw In

Table C-4. In this subrmix, aircraft of -o rtunity have the highest reliability, buoys,

the second highest, and satellites, the smallest. The capabilities for airraft of op-

portumity in Table C-4 were taken directly from Table C-i. The second platform,

buoys, contribute nothing new in this layer so the aircraft of opportunity capabilities

are subtracted froa the satellitc capabilities. The resu!ting non-redundant eatellite

parameter capabilities are 10 for Paramewrs 1 and 5. and 23 for Parameter 7. These

values are entered in the satellite row in Table C-4. The aircraft of oiportunity

effectivc ,ess in Layer 1 for Subiix 2 Is given by

R71 - 17 1 x i o95 x 1, = C,42
C1 max 1

The corresponding buoy effectiveness is

C212 R S x

CR2 2 171 x 0'80 x 1'GSMax

For satellites we get

C2 1 3  43
R 2 =7- x 0.75 x 1.0 = 0.19r" 3 3 17 3,

max
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The effectiveness of Submix 2 ir. Layer 1 by Eq, (C-3) is

E21 = 0.42 + 0 + 0.19 = 6.61.

Thif; value is eirred ,i Table C-5 in the column for Layer I and the row for Submix 2.

Ccrrespondng Submix 2 effective:ess values for the other layers were computed in a

minilar manner and eatered i Table C-5. The vertically averaged effectiveness of

Sub-Ix 2, t~sing se vees ar, Eq. (C-2) -0 computeL 'o be E 2 = 0. 57. This value is

entered in Table C- .1 in the c"u-mn marked E.

TABLE C-4
NON-REOi ThANT PLATFORM CA-PAVIUTIES L. LAYER 1 FOR SMT1M&K 2

OF THE ILLLYSTFA.IVE BUO-Y", SATELLITE, AND A1RCR1FT OF
OPIORTUN-ITY MIX IN Tii- DEEP OCEAN AREA

v i . t Layer I P*rameter Capsbflitie]
Subrix 2__IPlatforms1

I Ac' f,, *o | 1 9 9/ 9! 0 10 1 9
2 Buh.oys 0.80

-t 'ets -, J2
TABLE C-5

X0N-R~EDt3uDWT LAYER~ EFFECTIVI'NESS, V)ERTICALLY A-VEMGED
EFFFCTXVENESS, AND AREAl. COVERAGE FORl StTMJXE S I AND 2

OF THfE ILLUENThATVE BIUOY, SATE LUITE, AND AIRCRAFT OF
OPPOITUNITY AM( IN THE D)EEP 0, CEAN AREA

103 25 06 3 0.t64 0.64 0.63 0.53 0. 9

2 111 0Z 06 0.64 0. 4 0.63 0.5i 0.03
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The total effectiveness of the original platform mix over the entire Deep Ocean

area is, by Eq. C-!,

E = E 1A1 + E2A 2 = 0.53 x 0.97 + 0.57 x 0.03 = 0.53.

C-3. 0 Second Order Approximation to Effectiveness of a Redundant Platform Mix

Redundancy implies an increase in platform-mix effectiveness because the re-

liability of the mix is increased for those parameters that are redundantly measured.

The method for computing this increase, which is ordinarily a second order effect, is

discussed below.

To determine the effect of redundancy on mix effectiveness, we must examine the

parameter capabilities of each of the platforms in a submix and compute modified re-

liabilities for the redundantly measured portions of each parameter, depending upon

the combination of platforms involved. The basic data to do this for the Deep Ocean

area is found in Table C-1, and for the Coastal North America, in Table C-2.

To compute the modified relia6lities, we may consider reliability as the prob-

ability that a platform will perform its function. From basic probability theory, where

two platforms are redundant, the probability that a parameter will be measured by one

platform or in the event of failure of that platform, by a second platform is given by

R12 = R1 + R1R2 where R, denotes (1 - R1 ), Where three platforms are redundant,

R12 3 = R1 + RIR 2 + R1 R2R3 . Where N platforms are redundant, the religbility is

N-1
R3 = R =R + TRR+ R+.V RR (C4

k 12" N 1 1R2 1 23 i N (C-4)I-1

The layer effectiveness of a submix is now given by

K Q
E F, C inpk Rk

E k=1 p=1 (C_5)
in C , (C-5)

n max
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where Rk the reliability of a given combination of platforms is given by Eqo (C-4), p

is the parameter number for the Q parameters in layer n, and Cinpk is the capability

pro-'ided by platform combination k. Total effectiveness is computed from Eq. (C-1).

(C-2), and (C-5).

To illustrate this method, let us choose the sane mix used in the previous sec-

tic-, Again we have two submixes, one with buoys and satellites comprising 97% of

t1: Deep Ocean area, and other with buoys, satellites, and aircraft of opportunity com-

prising 3% of the area.

The Submlx 1 parameter capabilities for Layer 1, separated according to the

various platform combinations possible between buoys and satellites, are shown in

Table C-6. These values were extracted from Table C-1. Satellites alone provide

all the capability except for Parameter 10 which is measured equally well by satellites

and buoys. The reliability of the buoy-satellite combinatioi. is R = 0. 80 0.20 x
3

0.75 = 0.95.

According to Eq. (C-5), tWe effectiveness of Submix 1 in *ayer I is

0 x 0.80 + 71 x 0.75 + 10 x 0.95El 1117 = 0. 37
171

This value Is entered in Table C-8 or Layer 1, Submix 1. In a similar manner, the

lAyei effectiveness was computed for the other layers and the values entered in Table

C-8. The vertically averaged effectiveness of Subnix 1, computed by means of Eq.

(C-2) wih the previously used layer weights, is 0. 54. This value is -ntered in Table

C-8 in the Ei column. Note this is only 0.01 larger than the corresponding value in

Table C-5 which gives results for the method using only non-redundant capabilities.

The Submix 2 parameter capabilities for Layer 1, separated according to the

seven piatform combinations possible among buoy' 1, and aircraft of oppor-

tunity, are shown in Table C-7. These values were extrak.ied from Table C-1. Buoys

alone make no independent contribution to the submix capability. Satellites make inde--

pendet contributions through Parameters 1, 5, and 7. Aircraft of opportunity make

independent contributions through Parameters 2, 3, 4, and 9. Satellites and aircraft

of opportunity share a common capability of 9 for Parameters 1 and 5, and 10 for

C--13
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TABLE C-6
PLATFORM COMBINATION CAPABI LITIES AND MODIFIED RELIABILITIES IN

LAYER 1 FOR SUBMIX I OF THE ILLUSTRATIVE BUOY, SATELLITE, AND
AIRCRAFT OF OPPORTUNITY MIX IN THE DEEP OCEAN AREA

Submi- 1 Layer I Parameter Capabilities
k Platform - - - Rk

Combinations 2 3 5 6 7 8 9 10

1 Buoys _.80

2 Satellites 119j 19 23 10 0.75

3 Buoys and 10 0. 80 + 0.2U x
'Satellites - 0.75 - 0.95

TABLF C-7
PLATFORM COMBINATION CAPAT?1L1'lIES AND MODIFIED RELIABILITIES IN

LAYER 1 FOR SUBMIX 2 OF THE ILLUSTRATIVE BUOY, SATELLITE, AND
AIRCRAFT OF OPPORTUNifY MIX IN TiE DEEP OCEAN AREA

Submix 2 Layer 1 Parameter Capabilities
k Platfo, m Rk

Combinations 1 2 3 4 5 6 7 8 9 10 1

2 Satellites 10 10 0,75

1 Buoys and 0.80 0.20

2 Satellites _ 0.75 - 0.95

4 Buoys and 0.80 + 0.20 x

5Buoys and 08+02

Acft of 0.75 0.99
Oppor

6 Satellites 9 9 10 0.75 + 0.25 x
and Aeft, of 0.95 - 0.99
Oppor

7 Buoyb, 0.80 4 0.20
Satellites 0.75 + 0.20 x
and Acft 0.25 x 0.95 =

of Oppor .. I __1.00

C-14
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TABLE C-8
LAYER EFFECTIVENESS, VERTICALLY AVERAGED EFFECTIV'NESS, AND

AREAL COVERAGE, INCORPORATING REDUNDANCY MODIFIED
RELIABILITIES, FOR SUBJMIXES 1 AND 2 OF THE ILLUSTRATIVE
BUOY, SATELLITE, AND AIRCRAFT OF OPPORTUNITY MIX IN

THE DEEP OCEAN AREA

I Ein
Submix Ei A i1 2 3 4 5 6

1 0.37 0.26 0.67 0.64 0.64 0.63 0.54 0.97

2 0.61 0.34 0.67 0.64 0.64 0.63 0.58 0.03

Parameter 8. The three platforms all measure Parameter 10 with a capability of 10.

Reliabilities for the various platform combinations were co'nouted according to Eq.

(C-4) and entered in Table C-7 in the Rk column.

The effectiveness of Submtx 2 in Layer 1, according to Eq. C-5, is

0 x 0.80+ 43 x 0.75 37 x 0.95+ 0 x 0.95+ 0x 0.99+ 28x0.99+10xl.00
E21 = 171 0.61

This value is entered in Table C-8 for Layer 1, Submix 2. In a similar manner,

the layer effectiveness was computed for the other layers and the values entered in

Table C-8. The vertically averagcd effectivenesq of Submlx 2, computed with Eq.

(C-2) and the standard weights, is 0.58. Thisvalue is entered in Table C-8 in the Ei

column.

The total effectiveness of the mix, from Eq (C-I) and the data in Table C-8, Is

E=E I A1 + E2A 2 
= 0.54 x 0.97 + 0.58 x 0.03 = 0.54. 1

This value is only 0. 01 larger that. the previously computed total effectiveness

using the non-reaundant capability method of the previous section. Because the differ-

ences tend to be small, the non-redundant method, which is easier to apply with manual

computation methods, was used for the cost-effectiveness studies described in the

main report. *

*The additional work done for this report (Section 4) was computei >eri, therefore, all

future cost effectiveness work will incorporate redundancy-modified reliabilities.
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APPENDIX D

COMPARISON OF COST Ef FECTIVENESS RATIOS USING AGENCY
PROVIDED PARAMETER AND LAYER WEIGH~TS



Definitions

Abbreviations Mixes

HSB =Hor Sound Bal 1 150 Buoys, 2500 HSB

AOO = Acft of Oppor 2 - 150 Buoys, 4 SAT

SAT = Satellites 3 = 150 Buoy6, 100 SOO

RA = Recon Aircraft 4 = 20 OV, 100 SOO, 10 RA

B = Buoys 5 = 20OV, 100 SOO, 10RA
SC0) = Riip of Oppor 4 SAT, 60 AOO

OV = Ocean Vessel 6 = 137 B, 20 OV, 100 SOO,
MB = Manned Buoy 10 RA, 4 SAT, 60 AOO

7 = 127 B, 20 OV, 100 SO0,
10 RA, 4 SAT, 60 AOO, 10 MB

6. 0

I *\150

" ° II \\ \\\ "\ \ \\ OV.o c

2,o 250 150 -$2, ,0. x 10

0 I I.' 0. . . . . . . .

Lls4.0Stto '4 mtrad ae egt

.- 3

.0. Buy1~$.0 x 109

0.5 I 9 0 1

0.5 ~.. ~Ono 0. 5 x

0 0.8 0.9 0. 2 x 10

0.1 :10.3 0.4 0.5 0.6 0.7408 0. .

kffr vlvirssI
Fig. D-1. Cojarjiri of Cosi tfItectiveness Ratios of Deep Ocean System

U-sIng Scxctiop Pfirareter and Layer Weights0- J



De.finitions

Abbreviations Mixes

HSB = Hor Sound Bal 1 = 150 Buoys, 2500 HSB
AOO = Acft of Oppor 2 = 150 Buoys, 4 SAT
SAT Satellites 3 = 150 Buoys, 100 SOO
RA =Recon Airaft 4 = 20 OV, 100 SOO, 10 RA

B = Buoys 5 = 20 OV, 100 SOO, 10 RA
SO0 = Ship of Oppor 4 SAT, 60 AOO
OV =ean Vessel 6 137 B, 20 OV, 100 SO0,
MB = MannedBuoy 10 RA, 4 SAT, 60 AOO

7 = 127 B, 20 OV, 100 SO0,

10 RA, 4 SAT, 60 A00,
6 .0 [1 10 MB

. ' .

I' , I \ 10

- 'I ii '

0

" Curveo

> 2,0 - $2. 0 X 10
~~150

4 SAT 105
100 M. Buoys

SOO % 4fJ1.5 X10 9

U N

1.0 1 i.o. X1

0. 5 10

150 Buoys 0.2x 10

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Effect i-eneo s

Fig. D-2. Comparison of Cost Effectiveness Ratios of Deep Ocean Systen',s

Using BCF Parameter and Layer Weights
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Definitions

Abbreviations - - Mixes

HSB - Hor Sond Bal I = 150 Buoys, 2500 HSB
AOO Acft of Oppor 2 = 150 Buoys, 4 SAT
SAT - Sateilites 3 = 150 Buoys, 100 Sk)O
RA Reoon Aircraft 4 20 OV, 100 SOO, 10 RA

B = Buoys 5 = 20 O, 100 SO0, 10 RA

SOO -Sip of Oppor 4 SAT, 60 AO0
OV - Ocean Vessel 6 - 137 B, 20 OV, 100 900,
MB = Manned Buoy 10 RA, 4 SAT, 60 AOO

7 = 127 B, 20OV, 100 SOO,
10 RA, 4 "AT, 60 AtO,

[1 MB

°°0 1,

3.0 cIJt

I 9% _\_

-2 S9T -- h " t j. 0 x 10

00

SOO

0 2500 0 Sx 10

1 yI = .2 . 10I

0.1 02 0304 0.5 0.6 ., . 0.9 00
"f/et .v~n

150 owlycs 9

Fig. D-3. Comparison of Cost Effectiveness Ratle.o of Deep OCet.an Systeim;

trlrg ESSA Parameter and Layer Weighnt
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Definition s

Abbreviations Mixes

I SB Hor Sound Bal = 150 Buoys, 2500 WLqB

AO() Actt of Oppor 2 150 Buoys, 4 SAT
SAT Satellites 3 150 Buoys, 100 SC
RA Recon Aircraft 4 = 20 OV 100 SOC, 10 RA
B Buoys 5 20 OV, 100 SOO, 10 RA
SOO Shiri of Oppor 4 SAT, 60 A<\J
OV Ocean Vessel 6 137 b, 2 0 (V, Io So0,

MB = Maned Buoy 10 RA, 4 SAT, 60 AO()
7 =127 B, 20 OV, 100 SOO,

1 _0 RA, 4 SAT, 60 AOO, 10 MB

4. 0

i I \ I \ \

.. 5 1 0 -9

u u

0 ~ \150 0.. 5 1,

0 O 9

Fig. D-4 Co-mpaq "Onf (ef ,*t EfffCtiveness tatio- of D'eep ; 'etu Svte ms

Uing I S. N:Iv ,q, da \cigt-

.- -,-.



Definitions

Abbreviations Mixes

HSB = Hor Sound Bal1 1 150 Buoys, 250~0 HSB
AOO =Acft of Opor 2 z150 Buoys, 4 SAT
SAT =Satellites 3 = 150 BuJoys, 100 SO
RAk = Recon A!rvralt 4 =200OV, 1005800, 10RA
B = Duov7 S = 20 CIV, 100 SOCX, 10 RA
S00 = Ship of Optxer 4 3A T, 60 AOO
OV Oc ean Vesse; 6 137 B, 20 OV, 100 SO0,
MB Manned aioy 10RA, 4 SAT, 60 A00

7 127 B, 20 OV, 100 SOO,
10 RA, 4 SAT, 60 AOO0,

' ' 0 MR O

~0 IS \

4.0

E41

ConwtAnt
Cost

L 1 0

D-.Cmaign fCv Etfoct!%vet~osL' R~ of Ieel? Ocean Sv',t e rs
Us~n USC Pari-neer qs L-aver *V\ *-ightR



Abbreviations MIMe s a '

HSB Hor Sound Baj 1 150 Buoys, 2500 HSB
AOO .Aeft of Oppor 2 - 150 Buoys, 4 SAT
SAT Satelltes 3 = 150 Boys, 100 SOO
RA Recon Aircraf, 4 20 OV, 100 SO{), 10 RA
B -Boys 5 20OV, 100 SOO, 10 RA
SOO = Ship of Op-:,r 4 SAT, 60 AO
CV = Ocean Vessel 6 = 137 B, 20 OV, 100 SOO,
MB Manned Buoy 10 RA, 4 SAT, 60 AOO

7 = 127 B, 20 OV, I00 SOO,
6.0________ 10 RA, 4 SAT, 60 AGO, NJ B

5. oL i ' \ \. v
M 0\

4.011 \
00

SCurves
40 1 2

*A oiaoos $2. 0 x 109
10

Vl . 5 x 1094 .0 4 A Buoys0%Q50 af\,0x1

. -" 0; 10 x

0.5 . wm __' [ ,, 0.5 x109

150 Buoys -0 2 x 109

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Effectiveness

Fig. U-6. Comparis -i of Cost Mffsctiveness Ratios of Deep Ocean Systems
Using Average of Four Agencies' Parameter and Layer Weights
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.) r D efinition-

L Abreviaiowa Mixes

. C i HSB Hor Sound Bl 11 350 Buoys, 2500 HSB

A(0 Aclt &- Oppor 12= 350 Buoys, 4 SAT
3 SAT Sate i es 3 350 Buoys, 100 SOO

1 RA Recon Aircraft 14 =100 SOO, 10 RA, 4 SAT

S\ B Buoys 60 A

10OO 100 V =C'cev Vessel
MB =Mared Buoy

6.0.

3.0

• Curves
2.0o "% $2 0 .x 10o9

L 5 x 10 9

1.0 - 0 x 10

0 I I A . .I . Ii . . .
3.35

0.1I 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 L,

Effw~venes
Fig. D-7. comparison of Cost -ffectiveness Ratios of Coastal North America

Systems Using Section 3 Parameter and Layer Weights
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13 0 10Defintiors

12.0 Abbreviations Mixes

ihSB = Hor Sound BaD I = 350 Buoys, 2500 HSB

11.0 AOO Acft of Oppor 12 = 350 Bucys. 4S AT
SAT S tellites 3 = 350 Boys, 100 SOO

RPA = Reon Aircrft 4 = 100 SOO, 10 RA, 4 SAT
R 0 B woys 60 AOO
900 = S!ip of Oppor

SOV = Ocean Vessel

4. MB Maaned Buoy

- .0

49

40

Cofiteet

~Curves

20109

*I*% **f 1. 5 x 1 0x o9

S350 0. 5 x 10_9

0.5 " Q ._OysA W-' .S 0

"- 
0 

= m = 0.2 x 10 9

0.1 0.2 0.3 0.4 0,5 0.6 0.7 0.8 0.9 1.0

Eff, tiveness

Fig. D-8. Comparison of Cost Effectiveness Ratios of Coastal North America

'Systems Using BC F Parameter and ayer Weights
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13.0 -Definitions
Abbreviations Mixes

12.0
HSB = Hor Sound Bal 1 350 Buoys, 2500 HSB
ACO = Aeft of Oppor 2 = 350 Buoys, 4 SAT

11.0j SAT = Satellites 3 = 350 Buoys, 100 SO0

* 100 RA = Recon Aircraft 4 = 100 SO, 10 RA, 4 SAT
S1O = Buoys 60 AOO

SO0.- = Ship of Oppor
OV = Ocean Vessel

9.0 [MB = Mannd Buoy

SII

5.0

" I \ \

4.0

0

~S N Constant Cost

2. NNcurves
. $2.0 x 109

9
\ 1.5x 10

4 SAT 9\"' -im" 1.0x 10

0.5~~tf 
"M @30u:, 0.5 x 109

0.2 x 10 9

0.1 0.2 0.3 0,4 0.5 0.6 0.7 0.8 0.9 1.0

Effectiveness

Fig. D-9. Comparison of Cost Effectiveness Ratios of Coastal North America

Systems Using ESSA Parameter and Layer Weights
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iI
13.0 - Definitions

12.0 Abbreviations j - Mixes

HSB = Hor Sou-d Bal 1 = 350 Buoys, 2500 HSB

11.0 AOO = Aeft of Oppor 2 350 Buoys, 4SAT
SAT = Satellites 3 = 350 Buoy., 100 SOO
10.= Recon Aircraft 4=00S00, 10RA, T10.0 - B = Buoys 60 A00'

100 SOO = Ship of Oppor

9. 0 s OV = Ocean Vessel
MIB -Maed Buoy

6. 0

i -I I '
5.0 ~ I I

1.0 -\

"- I- % c~t
~3.0 Constant

u Cost

Curves

> 2.0 "% $2.0xo109

9

0

.0 .. 0 x , ,104 SAT %350

0.5 Buoys* 0 .5 x109

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0. 1.0

Effectiveness

Fig. D-10. Comparison of Cost Effectiveness Ratios of Coastal North Amerika

Systems Using U.S. Navy Parameter and Layer Weights
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13.0 Definitions

12.0 Abbreviations MLXes

HSB = Hor Sound Bal I = 350 Buoys, 2500 HSB

11.0 100 AOO Acft of Oppr 2 = 350 Buoys, 4 SAT
Soo 5Q~SAT = Satellites 3 = 350 Buoys, 100 SOO

RA =Recon Airraft 4 = 100 SO0, 10 RA, 4 SAT
10.0 B = Buoys 60 AOO

SOO Ship of Oppor

OV = Ocear. Vessel I
MB = Manned Buoy -..

6.0

5.~ ~ I \~

•Cos

-4 0
> 9

2.0 , $2. 0 x 1o0

0.5 , I:°Y s Q  1. 5 x 10 9

44SA

U N

2.0 - N*b1 m x2.1x 9

0.5 -mW 0uy . 5 x 10

now , 0. 2 x 10'
0 - . I I 1 1 I i I I 1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Effectiveness

Fig. D-11. Comparison of Cost Effectivene-. Ratios of Coastal North America
Systems Using USCG Parameter and Layer Weights
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Detinitions
13.0 F-I

Abbreviations Mixes

12.0 HSB = Hor Sound Bal 1= 350 Buoys, 2500 HSB

AOO = Acft of Oppor 2 = 350 Buoys, 4 SAT

11.0 100 SAT = Satellites 3 = 350 Buoys, 100 SOO

SSO RA Recon Aircraft 4 = 100 SOO, 10 RA,

. B Buoys 4 SAT 60 AOO

10.0 -SO0 Ship of Oppor

OV = Ocean Vessel

7.0 MB = Manned Buoy ,

5.60

I' ',,,

4.0

3.0 \
2- -

Crvs

.0"2.0x 10

\ \ - 1.5 x109

1.0o 4 SAT\ 1.0 x . 10 "-.9ol

0. - 350 Buoys 9"

0.5 -= , .5 x 109

30o I I Constant1, ! 1 l 02 Cost

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.o

Effectiveness

r ig. D-12. Comparisn of Cost Effectiveness Ratios of Coastal North America

Systems Using Average of Four Agencies' Parameter and Layer

Weights
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.-The cost effectiveness analysis described in this report was carried out

t.o assess the potential -,)le of National Data Buoy Systems in the marine data

acc-isition system of the future and to determine the sensitivity of the NDBS

design to complementary and competitive characteristics of other platform types

in the national marine data acquisition system. A cost effectiveness model was

designed to evaluate alternative mixes of buoy and now-buoy platforms against

certain categories of stated data requirements provided by U.S. Government

Agencies. Factors included in the effeL.iveness model include systems capability,

'reliability, survivability and areal covercge. The results showed that a system

coprised solely of unmanned buoys was the most cost-effective system; however

since an unmanned bdOuy system is ineffective in gathering data in the atmosphere

above the ocean surface interface, complementary systems with upper air sounding

capabilities would be required for effective data observations at all levels.( l
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